OCTOBER 1959 


AMERICAN 


WATER WORKS 
ASSOCIATION 


In this issue: 


SALINE WATER CONVERSION 
Howe, Powell 
WATER AND ELECTRIC UTILITY COOPERATION 
Karalekas 
WATER LAW REQUIREMENTS 
Piper 
DEVELOPMENT OF RESOURCES 


Trahern, Larson, Kleiser 
USE AND RATES AT BETHLEHEM 
Schwartz, Brady, Silver 
STANDARDS FOR PLASTIC PIPE 
Faust 
EFFECTS OF SYNTHETIC DETERGENTS 
Task Group Report, Cohen, Rourke, Woodward 
TASTE AND ODOR CONTROL 
Ryckman, Grigoropoulos 


REMOVAL OF HYDROGEN SULFIDE 


Sammons 


TOXIC WATERBLOOM EFFECTS 


Davidson 


ENTERIC-VIRUS DISEASES 


India’s Jumna River 
Dennis, Wolman, Clarke, Chang 


which brought not only water 


but virus to Delhi | AUTOMATIC pH CONTROL 


Murray 


TURBINE PUMPS FOR BOOSTER SERVICE 


Warren 


: 
‘ 
VOL. 51 NO. 10 
; 
q 
_ 
~~ 
— 
; 


THE R. D. WOOD HYDRANT 
SUPPLIES MAXIMUM 
RELIABILITY 

AT MINIMUM COST 


@ Valve opens against water pressure— 
water pressure holds it closed in case of 
accident 


@ Every point of friction is protected by 
at least one bronze surface 


@ Head revolves 360°; simply loosen bolt 
and rotate 


@ Optional break-point flange with fran- 
gible coupling in hydrant stem makes it 
unnecessary to excavate in case of a 
broken hydrant 


@ Available for bell, flange and mechan- 
ical connections; with conventional or 
ring packings 


R.D. WOOD COMPANY 


Public Ledger Building, Independence Square, Philadelphia 5, Pa. 


Manufacturers of Mathews Hydrants and ‘‘Sand-Spun”’ Pipe (centrifugally cast in sand molds) 
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its the 
upkeep..- 


Competitive bidding on water works projects has brought the 
price of comparable pipes of different specified materials to 

a nearly common level. Today, the important consideration 
for the buyer is not so much the first cost as the main- 
, tenance charges which continue throughout the life of 
the pipeline. 


In any such comparison, the superiority of LOCK JOINT 
CONCRETE PRESSURE PIPE is demonstrated by 
the experience of hundreds of municipalities. 
For example, records of one of the 
country’s largest industrial cities indicate 
only 2 minor maintenance or repair charges 
in the last 10 years against more than 
18 million inch feet of LOCK JOINT 
CONCRETE PRESSURE PIPE in its 
water works system. 


Your city, too, can virtually elim- 
inate maintenance expense, 
and save many times the 
initial installation cost 
with Lock Joint Concrete 
Pressure Pipe. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 

Sales Offices: Chicago, III. - Columbia, S. C.-Denver, Col. - Detroit, Mich. 
Hartford, Conn. « Kansas City, Mo. - Perryman, Md. 

Pressure Water Sewer REINFORCED CONCRETE Culvert Subaqueous 
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IN CHLORINE 
GAS FEEDERS... 


Don't pay for expensive 
accessories when 


BUILT-IN 
SAFETY 
COSTS LESS!! 


EXCLUSIVE! 

Inert metal diaphragm and rugged 
castings in Builders chlorine control valve 
completely resistant to liquid or gaseous 
chlorine . .. added safety without extra cost! 


Builders DVS and CVS Chlorinizers do not need external pressure reducing 
valves to protect control valve from physical damage due to reliquification 
which destroys plastic valve components! 


BUILT-IN SAFETY... through automatic safety devices, superior construction 
materials, and a flow ‘path that doesn’t expose vital control and metering 
components to ravages of wet gas. Builders Chlorinizers keep gas from contact 
with water until just prior to entering injector . . . vital to low maintenance, 
long life, and safety! 


FVVF — FULL VISION VACUUM FEED — through use of see-thru components 
gives visual proof of operation ... positive evidence of effective vacuum . 
indication of safety device performance. FVVF and the shortest gas flow path 
offered today add up to the safest chlorination available! 


COMPETITIVELY PRICED .. . low initial cost due to 
simplicity of design, plus added economies of excep- 
tionally low maintenance. Ask us to prove that 
BUILT-IN SAFETY in chlorine gas feeders costs no 
more, protects personnel and plant better! 
REQUEST LITERATURE describing the high accuracies, 
capacities, and metering ranges offered. For Bulletin 
840-N 10, write 
B-1-F INDUSTRIES, INC., 
Utilities Sales, 365 Harris Ave., 
Providence 1, R. |. 


B-I-F "INDUSTRIES 


BUILDERS-PROVIDENCE + PROPORTIONEERS + OMEGA 
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COMING MEETINGS 


V ol. 51, No. 10 


Plan now for 
AWWA ANNUAL CONFERENCE 
Bal Harbour, Fla. 


May 15-20, 1960 


AWWA SECTIONS 


Oct. 14-16—Iowa Section, at Fort 
Des Moines Hotel, Des Moines. Sec- 
retary, J. J. Hail, Supt., Water Dept., 
City Hall, Dubuque. 


Oct. 18-21—Alabama- Mississippi 
Section (with Southwest Section) at 
Roosevelt Hotel, New Orleans, La. 
Secretary, Ernest Bryan, Southern 
Sales Mgr., McWane Cast Iron Pipe 
Co., Box 2601, Birmingham, Ala. 


Oct. 18-21—Southwest Section 
(with Alabama-Mississippi Section) at 
Roosevelt Hotel, New Orleans, La. 
Secretary, L. A. Jackson, Mgr.-Engr., 
Municipal Water Works, Robinson 
Memorial Auditorium, Little Rock, 
Ark. 


Oct. 22-24—New Jersey Section, at 
Hotel Madison, Atlantic City. Secre- 
tary, A. F. Pleibel, Dist. Sales Mgr., 
R. D. Wood Co., 683 Prospect St., 
Maplewood. 


Oct. 28-29—West Virginia Section, 
at Chancellor Hotel, Parkersburg. 
Secretary, Hugh W. Hetzer, Engr., 
Union Carbide Chemical Co., Box 
8361, South Charleston. 


(Continued on page 8) 


Oct. 28-30—Ohio Section, at Bilt- 
more Hotel, Dayton. Secretary, J. 
Howard Bass, M-C-G Co. Ltd., 4942 
N. High St., Columbus. 


Oct. 30—California Section (Busi- 
ness Meeting) at Hacienda Hotel, 
Bakersfield. Secretary, Roy E. Dod- 
son Jr., Supt. of Production, San 
Diego Water Dept., Balboa Park, San 
Diego. 


Nov. 4-6—Virginia Section, at 
Hotel Roanoke, Roanoke. Secretary, 
E. H. Ruehl, R. Stuart Royer & As- 
socs., 15 W. Cary St., Richmond. 


Nov. 9-11—North Carolina Section, 
at Washington Duke Hotel, Durham. 
Secretary, D. Y. Brannock, Utilities 
Director, Burlington. 


Nov. 15-19-——Florida Section, at 
Hillsboro Hotel, Tampa. Secretary, 
J. G. Simmons, Plant Supt., West 
Palm Beach Water Dept., Box 1311, 
West Palm Beach. 


Nov. 19-21—Cuban Section, Ha- 
vana. Secretary, Juan Berasategui, 
Civ. Engr., Calle K, No. 303, Apdo. 
22, Vedado, Havana. 


6 P&R 
fs 
e 
8 
24 
ay 
5 
g 
\ 


Oct. 1959 JOURNAL AWWA P&R 7 


improved... 


\ | | streamlined... 


@ modernized...the 


EDDY Hydrant 


has ALL these features... 


%& Optional ground line break flange 
%& Large diameter barrel for increased flow 
¥%& O-ring or standard packing 


New self-sealing rubber ring main valve packing 
%& No lubrication required for fast, easy opening 
%& Opens with the pressure—for instantaneous flow 


%& Closes against the pressure—eliminates water hammer 


The eppy Hydrant...improved... 
streamlined...modernized...retains all 
the basic advantages that have made 
these hydrants outstanding for four gen- 
erations. Yet, it has important new 
advanced design features which pro- 
vide the utmost in efficient, dependable, 
longlife fire protection service. 

These new important advantages are 
provided without sacrificing interchange- 
ability of working parts with EDDY hy- 
drants now in service. Now, more than 
ever, EDDY offers maximum fire protec- 


Optional break flange 


tion, economical maintenance and assur- 
NEW SAFETY FLANGE ance against future obsolescence in your 


fire-fighting system. 


Before buying or specifying hydrants, 
be sure you know how these advantages 
may benefit your community. 


EDDY 


NEW SAFETY COUPLING 


A Subsidiary of James B Clow & Sons. inc - 


| 
4 
3 
S 
‘ 
f 
\ 
3 
: | 
ig 
jg 


& P&R COMING MEETINGS 


Vol. 51, No. 10 


Coming Meetings 


Spring 1960 

Feb. 3-5—Indiana Section, at Shera- 
ton-Lincoln Hotel, Indianapolis. Sec- 
retary, C. H. Canham, State Board of 
Health, 1330 W. Michigan St., In- 
dianapolis. 

Mar. 16-18—Illinois Section, at 
Pick-Congress Hotel, Chicago. Secre- 
tary, D. W. Johnson, Research Engr., 
Cast Iron Pipe Research Assn., 3440 
Prudential Plaza, Chicago 1. 


Mar. 17—New England Section, at 
Statler Hotel, Boston, Mass. Secre- 
tary, R. M. Soule, Assoc. San. Engr., 
State Dept. of Public Health, 511 State 
House, Boston, Mass. 


Mar. 20-23—Southeastern Section, 
at De Soto Hotel, Savannah, Ga. Sec- 
retary, N. M. de Jarnette, Engr., Wa- 
ter Quality Div., State Dept. of Public 
Health, 309 State Office Bldg., Atlanta, 
Ga. 


Mar. 23-24—West Virginia Section, 
at Hotel Pritchard (tentative), Hunt- 
ington. Secretary, H. W. Hetzer, 
Engr., Union Carbide Chemical Co., 
Box 8361, South Charleston. 


Apr. 5-7—-New York Section, at 
New York Sheraton-Binghamton, 
Binghamton. Secretary, Kimball 
Blanchard, New York Branch Sales 
Office, Neptune Meter Co., 2222 Jack- 
son Ave., Long Island City. 


Apr. 20-22—Nebraska Section, at 
Cornhusker Hotel, Lincoln. Secretary, 
J. J. Rossbach Jr., Civ. Engr., Metro- 
politan Utilities Dist., 3906 N. 48th 
St., Omaha. 

Apr. 20-22—Kansas Section, at 
Broadview Hotel, Emporia. Secretary, 
H. W. Badley, Repr., Neptune Meter 
Co., 119 W. Cloud, Salina. 

Apr. 22—California Section, at 
Mark Thomas Inn, Monterey. Secre- 


(Continued from page 6) 


tary, R. E. Dodson Jr., Supt. of Water, 
Dept. of Utilities, Balboa Park, San 
Diego. 

Apr. 24—26—Canadian Section, at 
Statler Hotel, Buffalo, N.Y. Secre- 
tary, A. E. Berry, 72 Grenville St., 
Toronto, Ont. 


Apr. 28-30—Montana Section, at 
Northern Hotel, Billings. Secretary, 
A. W. Clarkson, Asst. Director, Div. 
of Environmental Sanitation, State 
Board of Health, Helena. 


May 46—Pacific Northwest Sec- 
tion, at Benson Hotel, Portland, Ore. 
Secretary, F. D. Jones, W. 2108 Max- 
well Ave., Spokane 11, Wash. 


OTHER ORGANIZATIONS 
Oct. 12-15—Federation of Sewage & In- 
dustrial Wastes Assns., Statler Hilton 
Hotel, Dallas, Tex. 

Oct. 19-23—APHA Annual Meeting, 
Convention Hall, Atlantic City, N.J. 
Oct. 19-23—ASCE Annual Convention, 

Hotel Statler, Washington, D.C. 


Oct. 20-22—ASA National Conference 
on Standards, Sheraton-Cadillac Hotel, 
Detroit, Mich. 


Oct. 26-Nov. 6—Course on “Plankton 
Identification and Control,” R, A. Taft 
Sanitary Engineering Center, Cincin- 
nati, Ohio. Write: Chief, Training 
Program, 4676 Columbia Pkwy., Cin- 
cinnati 26, Ohio (or to USPHS re- 
gional office). 

Nov. 29-Dec. 4—ASME Annual Meeting, 
Chalfonte-Haddon Hall Hotel, Atlantic 
City, N.J. 

Nov. 30-Dec. 4—Exposition of Chemical 
Industries, Coliseum, New York, N.Y. 


Nov. 30-Dec. 11—Course on “Chemical 
Analyses for Water Quality,” R. A. 
Taft Sanitary Engineering Center, Cin- 
cinnati, Ohio. Write: Chief, Training 
Program, 4676 Columbia Pkwy., Cin- 
cinnati 26, Ohio (or to USPHS re- 
gional office). 
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1,500,000 gallons 


2,000,000 gallons 30,000 gallons 500,000 gallons 


HAMMOND IRON WORKS 


WARREN, BRISTOL and PITTSBURGH, PA. 
UTAH * CASPER, wvo. BIRMINGHAM, ALA. 
Sales offices throughout the U.S.A.;. licensees and sales offices in many foreign 


including Argentina, Austrdlia, Belgium, Brazil, Canada, Chile, Colombia, England, France, 
Haiti, India, Italy, Japan, Mexico, Netherlands, Peru, Puerto Rico, Sweden and W. Germany. 


4 i> 
i 15,030,000 gallons (foreground) 10,000,000 gallons (background) 
\ AMIMIOND STORAGE, 
\\ AND PROCESSING VESSELS 
/XK Units for Water Supply & Fire Systems are built to all standard codes 
Catalog H,O describes HAMMOND Water Storage and Proces: Vessels . . . Write for your copy 
iia 
\ ia 
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PHOTOVOLT 


pH Meter Mod. 115. 


A full-fledged 
‘ine- operated 
1H Meter 

af remarkable 
accuracy 

and stability 
al the low 


_@ SIMPLE IN OPERATION AND MAINTENANCE 
@ FAST AND DEPENDABLE IN SERVICE 


Write for Bulletin #225, also for literature on other 
Line-Operated and Battery-Operated Photovolt pH Meters 


— 
aij | 
| 
CORPORATION 4 
4 
A 
MADISON AVENUE NEW YORK 16,.N. 
PMultiplier Photometers, Exposure Photometers for Photomicrography, Hemoglobinomete 
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Cast iron pressure pipe users throughout the Mid-West 
will shortly save time and money on shipments and in- Holding Ladles 
stallations ... because Griffin Pipe’s new and auto- 
mated production facilities are almost completed. 

The Council Bluffs foundry—95,000 square feet of + Delavaud Casting Machines 
buildings on 19 acres of land, will be completed and in Weigh Scale 
operation by the end of this year. Griffin-20 pipe joints . Transfer Cor 
will include patented Bell-Tite “‘slip-on,’’ mechanical, 
and bell and plain end. The trademark “Griffin-20” 
refers to the length of the pipe—20 feet as opposed to Pipe Transfer 
conventional 16- and 18-foot lengths—in the complete Bell and Plain End Grinders 
4-inch to 12-inch diameter size range. The modern 20- Reemers 
foot length means 10 percent fewer joints, and lower 
installation costs! 

The Delavaud process, employed at the Council Bluffs « Pipe Cut-Off Machine 
plant, involves Gontrifugal eosting in a permanent, Hydrostatic Test Press 
water-cooled, revolving steel mold. Iron cast in this : 

13. Cement Liner 
manner, and subsequently annealed, is particularly 
strong, and has a controlled hardness that permits easy 14. High Speed Wring-Out 
cutting and tapping in the field. 15. Paint Booth 

Griffin-20 cast iron pressure pipe will be manufac- 16. Weigh Scale 
tured in accordance with ASA, AWWA, and Federal 
Specifications for water and gas distribution. 

Take advantage of the strategic location of this new 
plant ...and the substantial economies it can effect in 
your pipe installations! Send for our brochure, ‘‘Intro- 
ducing Griffin Pipe”’. 


GRIFEIN PIPE 


DIVISION 
GRIFFIN WHEEL COMPANY + COUNCIL BLUFFS, IOWA 


« Transfer Ladle 


Annealing Furnace 


Finish Grinding 


Pipe Stencils 


9 ¢ 
“Neon 


Griffin, founded in 1879 has 11 plants, and has poured more than 15 million tons of iron 


GRIFFIN PIPE COUNCIL BLUFFS PLANT 
NEARING COMPLETION | 
j 
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FOR ALUM 


liquid or dry 


the shortest 
distance between two points 


is usually the distance 
between our plant and you! 


Check the list of General Chemical’s dry or liquid alum 
producing locations at left. Chances are one is 


Menasha, Wis. convenient and close to you. In addition to these 
—” plants, our chain of warehouses across the country 
New Orleans, La. makes stocks of dry aluminum sulfate readily 

Pine Bluff, Ark. available in every major center of commerce. 
pr Write or phone for information on how 


we can serve you. 


Basic Chemica/s for American Industry 


GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6, N. Y. 


icago * Cleveland (Miss.) * Cleveland (Ohio) * Denver * Detroit « 

Kalamazoo ¢ Los Angeles * Milwaukee * Minneapolis * New York. . Philadel ia * Pittsburgh 

Providence * San Francisco * St. Louis * Seattle K ick, Vanco and 
ima 
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Kennewick, Wash. 
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The Problem: To lay three 
miles of 30” and 36” sewer 
along and under Three 
Mile Creek, all below the 
water table, without 
burdening the treatment 
plant with ground water. 


The Engineer: J. B. Converse 
& Co., Inc., Mobile, Ala. 


The Solution: Specifying 
concrete water pipe to 
AWWA Standard C302-57. 


The Contractors: J, E. 
Milam Construction Co., 
Birmingham, Ala., Branch 
Erection Co., Mobile, Ala., 
Bernard & Byrd, Mobile, Ala. 


The Result: To quote the 
Engineer, ‘We have found no 
leaks in the line and no 
measurable infiltration.’ 


VULCAN MATERIALS COMPANY 


CONCRETE PIPE DIVISION 


3030 Peachtree Road, Atlanta, Georgia CEdar 3-7127 
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CUSHION THAT SURGE 


G-A Cushioned Surge Relief Valve 


A sudden surge of power can be disastrous, but 
such excessive pressure in your water lines is 
quickly relieved by the Golden-Anderson Surge 
Relief or Surge Arrestor Valve. The surge relief 
valve opens immediately when line pressure 
reaches pilot setting—the surge arrestor valve 
anticipates surge and opens on subnormal pres- 
sure to prevent surge. 


Sizes 24" te 36’ Pressures up to 400 psi. 


Write today for Technical Bulletins 
Surge Relief—W2A 
Surge Arrestor—W16 


1221 RIDGE AVENUE, PITTSBURGH 33, PA. 
Designers and Manufacturers of VALVES FOR AUTOMATION 


| 
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EVERYWHERE 


Everywhere in the nation 

you'll find General Filter water and waste 
treatment equipment giving complete satisfaction to 
municipalities and industries. Here's why: 
DEPENDABILITY — the result of more than twenty 
years’ experience in building quality water 
process equipment. ECONOMY — proved by long 
life and trouble-free operation of General Filter 
plants. SERVICE — by 45 sales offices and 

36 field service departments coast-to-coast. There 
are many other reasons why it pays to specify 
General Filter. Write for complete 

information, bulletins and free estimates. 


WATER PROCESS EQUIPMENT AMES, IOWA 


AERATORS FILTERS ° SOFTENERS ° CLARIFIERS 
FLASH MIXERS ° FLOCCULATORS ° PNEUMATIC CONTROLS 
ROTARY DISTRIBUTORS ° SLUDGE SCRAPERS 
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Across the Town... 
or Across Country 


IT’S CONCRETE CYLINDER 
PRESSURE PIPE FOR 
MAINTENANCE -FREE WATER SYSTEMS 


And pipelines requiring negligible maintenance mean money 
in the bank for your community. Whether repairs or replace- 
ments must be made on a remote supply line or a distribution 
line in the middle of town, heavy expenditure is involved. 


Cut these expenses to the bone by using CONCRETE CYLINDER 
PRESSURE PIPE, whose unexcelled performance record is a 
product of the strength of steel joined with the durability 
of concrete. 


Further, this pipe is low in first cost, economical to install, 
easy to tap under pressure, and will retain its initial high car- 
rying capacity throughout its exceptionally long, trouble-free 
life. Call on your nearest supplier of Concrete Cylinder Pres- 
sure Pipe for the utmost in dependable, economical pipelines. 


PRESSURE 


AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 N. LA SALLE STREET * CHICAGO 1, ILLINOIS 
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“Why it is PROFITABLE 
touse FORD products 


1. You Standardize Your Settings 


¢ Meter men Regardless of the model, Ford yokes and setters 
know their provide standard, permanently aligned settings. 
settings No time lost trying to “‘rassle’’ around with the 
c odd ones. 

Keep your 2. You Set Meters Horizontally 
meters No matter how the water line runs—horizontally, 
7 vertically, in a corner or diagonally, Ford settings 
on the level keep your meters level for most efficient operation. 

Change a . 3. You save on Meter Changes 
ter i A Meters set in Ford yokes or setters may be 
meter in a ‘ removed and replaced quickly and economically. 
few moments =F The time saved on one meter change may more 


than pay for the setting. 


yy 50 years 4. Inside or Outside - Settings are 


. | Whether you have basement or outside meters 
one place Ford settings are good for the life of the service. 


Do you use 5. Adaptations for Every Climate 
shallow Ford shows you how to get the best settings for 
2 your climate—and provides all the equipment, 
settings? OIE, even to meter boxes, barrels, forms and covers. 

z Be sure you | 6. Complete Testing Equipment 

are paid Ford bench or portable testing equipment helps 

you keep meters operating efficiently so that you 
: enough get paid for all the water you deliver. 

You get 7. Ford Research Keeps You Out in Front 
a5 the breaks For over 60 years Ford has specialized in devel- 
s on new oping and producing better equipment for settin 
2 and testing water meters. Stay “out in front’ 


inventions with Ford. 


FOR. BETTER WATER SERVICES 


THE FORD METER BOX COMPANY, 


WABASH, INDIANA 


Inc, 


— 
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A complete Celite diatomite filtration system can 


eliminate the costs of conventional pre-treatment facilities 


Now you can do something about skyrocketing 
per capita water consumption costs—as are dozens 
of municipalities every year. And get clearer, 
sparkling-bright water in the bargain! 

Install one of today’s small compact diatomite 
filtration plants, using Celite* filter aids. In many 
cases, raw water can be filtered directly, eliminat- 
ing several of the costly conventional pretreatment 
stages—flocculation, quick-mixing tanks, and set- 
tling tanks, for example. 

Resultt: Filtration plants requiring only 4% the 
space of sand plants of equal capacity. Capital 
costs cut almost in half—savings of up to 45%. 


Here’s why. Celite diatomite filters better than 
any other medium. Every cubic inch of the skeletal 
diatomite particles contains millions of micro- 
scopic filter pores. These are so minute they re- 


move all suspended solids, including amoebae and 
algae, without flocculation. 


Mined by Johns-Manville from the world’s 
purest commercially available diatomite deposit, 
Celite is carefully processed for uniformity. You 
have a wide choice of grades for best balance of 
clarity and flow rate. For further information, call 
your nearby J-M Celite engineer. Write direct for 
free technical reprints and illustrated brochure. 
Johns-Manville, Box 14, New York 16, N. Y. In 
Canada, Port Credit, Ontario. 

* Celite is Johns-Manville’s registered trade mark for its diato- 
maceous silica products. 


t See Comparison Studies of Diatomite and Sand Filtration by 
G. R. Bell, Journal American Water Works Association, 
September, 1956, or write for free reprint. 


JOHNS-MANVILLE JM 


: 
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“Out of sight—out of mind” can be a mighty expensive philosophy 
in any water distribution system. The above unretouched 
photograph proves this point. It shows a badly tuberculated 

eight inch main whose inside diameter was reduced to an average 
of almost 4.5 inches. Resultant higher pumping costs with reduced 
pressure and carrying capacity make it costly to tolerate such 
conditions. That is why the savings effected in reduced pumping costs 
frequently pay for the low cost of National water main cleaning. 


Since there’s never a charge or obligation to inspect your 
mains, call National now! 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street * New York, N.Y. 


333}Candler Building, Atlanta 3, Georgia; 920 Grayson St., Berkeley, Calif.; 115 Peterboro St., 
Boston 15, Mass.; 533 Hollis Road, Charlotte, N. C.; 8 S. Dearborn St., Rm. 808, Chicago 3, 
Itl.; P. O. Box 385, Decatur, Ga.; 2024 Merced Ave., El Monte, Calif.; 315 N. Crescent St., 
Flandreau, South Dakota; 3707 Madison Ave., Kansas City, Missouri; 200 Lumber Exchange 
Bldg., Minneapolis 1, Minn.; 510 Standard Oil Bidg., Omaha 2, Nebraska; 2910 W. Clay 
Street, Richmond 21, Va.; 502 West 3rd South, Salt Lake City 10, Utah; 204 Slayton St., 
Signal Mountain, Tenn., 424 S. Yale Avenue, Villa Park, Illinois; 7445 Chester Avenue, 
Montreal, Canada; 576 Wall Street, Winnipeg, Manitoba, Canada; Apartado de Correos 
No. 5, Bogota, Colombia; Apartado 561, Caracas, Venezuela; P. O. Box 531, Havana, Cuba; 
Marquinaria, Apartado 2184, San Juan 10, Puerto Rico; Bolivar 441-A, Marafi., Lima, Peru 
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AMERICAN METERS 


HAVE WHAT THE WATER SUPERINTENDENT 


American 
Bottom that includes 
eter 4 
» WORKMANSHIP 
» DURABILITY 


» ACCURACY 


Everyone claims quality... finest quality...best quality — but like the pudding 
that is proven in the eating — so the proof of quality in a meter is in the running. 
This establishes its accuracy, and in continued running for long periods of time, 
its durability. 

Judged on that basis, AMERICAN METERS are unsurpassed! For in operation, 
the fine workmanship, the excellence of manu- 
facture of AMERICAN METERS are clearly 
demonstrated. AMERICAN METERS today 
are built to exceed the accuracy and life of 
meters built 35 years ago, that are still 
giving dependable accurate service. Yes truly, 
AMERICAN is a QUALITY WATER METER. 


Quality Control at each manufacturing 
step insures the accuracy and reliability 
of American Meters. 


BUFFALO METER COMPANY — 2914 Main Street 
Ee INCORPORATED _ Buffalo 14, New York 
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FLUIDICS covers such 
varied phases of fluid 
handling and control as: 


corrosioneering 
water treatment 
waste treatment 
fluid analysis 
agitation 
blending 
metering 
valving 
flow rate control 
Piping 
storing 
heat transfer 
pumping 
Whenever you have a 
fluid-handling problem, 
put the Pfaudler Per- 


mutit FLUIDICS pro- 
gram to work. 


Automatic valveless filters, like this 
tandem setup photographed dur- 
ing its installation at an Eastern 
municipality, are now in service. 
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FLUIDICS 


is a Pfaudler Permutit program providing the know- 
how, the equipment, and the experience for solving 
problems involving fluids 


Vol. 51, No. 10 


Permutit valveless filter, municipal design 


FLUIDICS AT WORK 


The only filter 
that works by itself 


We sell most of our Permutit valveless filters simply 
by pointing out the things you don’t have to do and 
the things you don’t need once you install one: 
Manpower — None needed. No valves to operate, 
gauges to watch, pumps to start or stop, or decisions 
to be made. 

Valves — None. Entire operation is automatic and 
hydraulic. 

Pumps — None needed. All work done by atmos- 
pheric pressure. 

Rotary wash — None needed. Unit operates only to 
four- or five-foot head . . . schmutzdecke cannot 
become packed enough to need breaking up. 

Flow controller — No mechanical, pneumatic, or hy- 
draulic devices needed . . . unit filters whatever 
volume you deliver. 

Maintenance — None, outside of normal, routine 
painting. No moving parts to wear out. 

The best part of our story is the fact that this 
filter costs less than conventional gravity filters, either 
manual or automatic. 

The basic laws of hydraulics behind this filter’s 
design show in the diagrams. If you’re rusty on your 
hydraulics, or are just plain interested, we invite you 
to write for our bulletin on valveless filters. 

Address yourself to our Permutit Division, Depart- 
ment JA-109, 50 West 44th Street, New York 36, 
New York. 


PFAUDLER PERMUTIT, INC. 


Specialists in FLUIDICS . . . the science of fluid processes 
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What’s this talk about 


PACKAGED 
WATERLINES? 


It’s about a brand new way 
to save money. 

It means pipe to your specifications; 
cut exactly—no random lengths; 
lined, coated and delivered - 

or scheduled deliveries 
according to your needs. 

There are even standard sizes 
available from stock. 

Seems that Southern Pipe 

can do everything 

from pipe production 

and processing 

to trenchsite delivery. 

For us customers 

it means one P.O. 

Less red tape and worries, 

and lower costs. 

I buy 

from Southern Pipe. 
(Maybe you should, too.) 


Write for brochure 
on products, services 
and facilities. 


© 1959—Southern Pipe—Division of US. Industries, Inc 
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INDUSTRIES, 
DIVISION’ OF U.S. INDUSTRIES, 
BORE. AZUSA, CALIFORNIA = 3-711 ~ EDgewood 7-422) 


JOURNAL AWWA 


"american 
HOMOMIX MIXING 


without a Mixing Tank 


The HOMOMIX gives instantaneous, violent, 
and uniform mixing of one or more chemicals, 
or gases, with water. Immediate, total diffusion— 
the most important factor for the efficient and 
economical addition of chemicals or gases—is 
obtained without the use of a mixing tank! For new 
plants it eliminates the necessity for costly mix- 
ing tank construction; for existing plants it can 
be effectively used to improve treatment. 


The HOMOMIX, in one or more stages, is 
installed in, and forms part of, the piping. 
Diffuser impellers rotate in blending chambers 
and discharge directly across the flowing- 


through stream. Each chamber has one or more 
chemical inlet connections and a transparent 
plastic observation port through which the mix- 
ing action is visible. A lifting stage can be 
provided for additional head, if required. Write 
for Technical Supplement HM and Bulletin 300. 


2-stage 
Homomix 


IN OUR 91ST YEAR 
type of equipment best 112 North Broadway Water Purification Equipment 
suited to individual needs. AURORA, ILLINOIS RESEARCH - ENGINEERING - MANUFACTURING 

Offices. Chicago + New York + Cleveland - Cincinnati + Konsas City - Soles Representatives throughout the World 
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On gineers will cooperate with ee 
consulting and operating 
engineers in suggesting the — 
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SERVICE CLAMPS 


connections to 


any main 


Tough, malleable iron body is accurately 
contoured to fit pipe and is heavily 
galvanized. 


Precision machined, full length threads. 


Unusually large cross sectional area for 


maximum strength. 


Rolled steel, cadmium plated nuts use 
National Standard threads for precise fit. 


Regularly furnished, neoprene gasket is 


cemented in recess in body. Lead ring 
gasket available. 


These features are typical of the attention 
to detail in research, design and engineering 
that becomes a part of every Mueller product 

manufactured for the water industry. 
Write for complete information. 


SERVICE CLAMP 


Mueller or Iron Pipe thread tapping 
Tapping sizes from 4” through 2” 
Pipe sizes from 1” through 12” 
Single or double strap type 


Flattened, forged steel, cadmium plated straps are 
accurately curved to fit pipe and give maximum 
bearing and stability. 


All Mueller Service Clamps now 
packed in labeled, corrugated 
cartons for ease in handling, ship- 
ping and storing. 


Factories at: Decatur, Chattanooga, Los Angeles 
In Canada: Mueller, Limited; Sarnia, Ontario 


# 3699 — Water ad; Journal of AWWA, Municipals — Octeber, 1959. 
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Now you 
can fell 
customers “...the plastic pipe 


on this job is guaranteed 
and bonded for 20 years!” 


t’s ORANGEBURG’ Pipe 


What a selling point! Tell your customer you use slit-proof 
Orangeburg SP—the only plastic pipe Guaranteed and Bonded 
for 20 years for cold water service. Tell him, too, the Bond will 
be made out in his name as written evidence you have used the 
finest-quality plastic pipe available. 

Under terms of Bond, repairs or replacements, INCLUDING LABOR 
costs, due to failure of pipe will be made at Orangeburg’s 
expense. You can’t lose. 


And it’s easy to apply for the Bond. When Orangeburg SP instal- 
lation is completed, send “Request for Bond” Form to Orange- 
burg. After approval, Bond is sent direct to your customer. 
Be first to cash-in with Orangeburg SP Plastic Pipe and the 
exclusive iron-clad 20-year Guaranty Bond offer. See your Au- 
thorized Orangeburg Wholesaler or write Dept. JA-109. 


Approved for drinking water by National Sanitation Foundation ® LI FE 


ORANGEBURG MANUFACTURING CO. * Orangeburg, N. Y. * Newark, Calif. 
A Division of The Flintkote Company, Manufacturers of America’s Broadest Line of Building Products 
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Pipe being primed at coating 
| yard specially set up by Koppers 
| Contract Coating Department 

for a large water supply project. 


$45 MAKES ALL THE DIFFERENCE 


Steel water pipe will last much longer 
underground with the armor-like pro- 
tection which a %2” coating of Bitu- 
mastic 70-B AWWA Enamel gives it. 
This corrosion-preventive coating is 
vital to the long-life of water lines. 

Bitumastic Enamel has helped steel 
water lines set high flow capacity rec- 
ords of 40 years and more. Proven per- 
formance is one reason why so many 
water supply engineers are specifying 


steel pipe, lined and coated with Bitu- 
mastic 70-B AWWA Enamel, for their 
projects today. A lining of this enamel 
gives a uniformly smooth inside surface 
that has proved to have the highest 
flow coefficient available. 

You can obtain more information 
about the economies of Bitumastic 70-B 
enameled steel pipe from Koppers Com- 
pany, Inc., Tar Products Division, Dept. 
110H, Pittsburgh 19, Pennsylvania. 


KOPPERS 


ONLY KOPPERS MAKES 


BITUMASTIC 


REG. PAT. OFF. 


ENAMELS 
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DEATH in the DESERT 


If you have ever seen a desert or picture of a desert, you realize it is 
a scene of death. There may lie the bleached bones of an animal or 
a human being. There are no trees, no vegetation. The soil may be 
rich in plant food, but nothing grows. It is proof that water is the 
lifeblood of everything that grows—animal or vegetable. 

It is an historic fact that past civilizations have risen and fallen 
according to their ability to satisfy their need for water. Water's 
abundance in America in the past is now de- 
ceiving. Not that the U.S. is turning into an arid 
desert, but the problem is inadequate water dis- 
tribution facilities. U.S. water works improve- 
ments have not kept step with the phenomenal 
increase in population and industrial expansion, 
which means increased demand for water. 

U.S. water works officials know this situation 
and are trying to solve it, but they need better 
public support. 


This Series is an attempt to put into words some appreciation E 
of the water works men of the United States. 


M:H VALVE 


AND FITTINGS COMPANY > 


ANNISTON, ALABAMA 
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at Plymouth, Mich. 


EVERDUR 


RONG - WORKABLE 


Anaconda’s Family of Copper-Silicon Alloys | 


MADE BY THE AMERICAN BRASS COMPANY 


JOURNAL AWWA 


WELDABLE - CORROSION-RESISTANT 


Big screen of EVERDUR 


ss serves new 4,000,000-gallon 


well in Plymouth, Mich. 


= In developing a new source of water to meet 
growing community needs, Plymouth, Mich., 


more than doubled the capacity of its water 
system with a single well capable of provid- 


x ing 4,032,000 gallons per day. 


The new well is 110 feet deep, has an 18- 
inch casing, and a Johnson Everdur Well 
Screen 1614” in diameter by 32’, 144" long. 
Edward E. Johnson, Inc., St. Paul, Minn., 
fabricates tough, corrosion-resistant well 
screens from specially shaped Everdur 
wire and rod by a unique automatic weld- 
ing method. Johnson welded Everdur screens 
have proved their durability by years of serv- 
ice in large-capacity wells. 


Everdur* resists corrosion. Sewage-treat- 
ment and waterworks equipment of Everdur 
has been in service without replacement for 
20 years and longer. 


@ Everdur is tough. Everdur also possesses 
high mechanical strength and resistance to 
wear and abrasion—so that engineers can de- 
sign light-weight, wrought-metal equipment. 


© Everdur is readily fabricated. Alloys are 
available for hot or cold working, welding, 
free machining, forging, and casting — and 
can be obtained in plates, sheets, rods, bars, 
wire, tubes, electrical conduit, and casting 
ingots. 


®@ Write for Publication E-11, “Everdur 
Copper-Silicon Alloys for Sewage Treatment 
and Waterworks Equipment”—or for techni- 
cal help in selecting the correct material for 
your job. Address: The American Brass 
Company, Waterbury 20, Conn. In Canada: 


Johnson Well Screen of Everdyr Anaconda American Brass Ltd., New Tor- 
being lowered into the new 4-mgd well onto, Ont. 


*Reg. U. S. Pat. Off, 67132 
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D> sum COUPLED 


SERVICE PUMPS 


for any job 


PROPELLER 
TYPE 
PUMPS 


Top performance, high efficiency and 


less maintenance are Write For Free Bulletins: 
ich LAYNE TURBINE TYPE 
factors which influence the selection of SERVICE PuMare—000. 300 
j LAYNE PROPELLER AND 
a short coupled pump. Layne Vertical 260 


Service Pumps fulfiiil these requirements 
and offer the advantages of lower instal- J words Largest Water Developers 


lation and operation costs, low sub- 


mergence requirements, simple align- General and Pactery, 
ment, no priming and less floor space Memphis 8, Tenn. 

LAYNE ASSOCIATE COMPANIES 
demands. For any short coupled pump- THROUGHOUT THE WORLD 
SALES REPRESENTATIVES IN 
ing job. . . specify Layne. MAJOR CITIES 


Water Wells + Vertical Turbine Pumps - Water Treatment 


} 
\ | 
V4 TYPE | | FLOW 
| 
= Settings_______ As Specitiea ‘tie 
5 Discharge-Surface or underground ~ 
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Atlanta, Georgia: This 8200’ extension of the existing 
water supply main system was laid by Arthur Pew Con- 
struction Co. of Atlanta. The line is Dresser-Coupled 


throughout. 


Expansion’s no problem 


with Dresser-Coupled Pipelines 


It’s easy to install a Dresser-Coupled 
steel waterline. There’s no need for 
expensive, specialized equipment and 
labor; and installation is so rapid that 
the line is often fully laid immediately 
behind the trencher. Ordinary labor 
can make permanent, bottle-tight 
joints in a matter of two man-minutes 
per bolt. The joints will last the life of 
the line. 

And Dresser® Couplings protect 
the line, too. These non-rigid couplings 
absorb vibration, stresses of expansion 
and contraction, shocks and pressures 
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Two man-minutes per 
bolt make every Dresser 
Coupling a permanent, 
bottle-tight joint. 


of shifting or settling earth. They 
allow up to 4° of pipe deflection at 
every joint, and joints are made 
with plain end pipe. Why not figure 
your next water line with Dresser 
Couplings? You can figure your costs 
accurately . .. and consistently lower! 


Chicago * Houston + New York 
S. San Francisco «+ Toronto & Calgary 


DRESSER 
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FORT LAUDERDALE « ST. PETERSBURG « FORT MYERS « NAPLES « GAINESVILLE « “MARINELAND” (ST. AUGUSTINE) 
WEST POINT MARION JACKSONVILLE EVANSTON « MOLINE GRANITE CITY » VANDALIA» MATTOON ALTON FR 
STREATOR « EAST ST. LOUIS * WILLIAMSON COUNTY « INDIANAPOLIS « BEDFORD « GENERAL MOTORS (INDIANAPOL 
RICHMOND « couNeiL BLUFFS « CENTERVILLE * DAVENPORT » DUBUQUE « CRESTON « HUMESION » WEST DES MOINE 

OSAGE CITY BELOIT GRENOLA « KANSAS CITY» ATCHISON ELLSWORTH MANHATTAN o HAYS TOPEKA® OLAT 
WICHITA ALTAMONT © LAWRENCE « MORRIS « ST. PAUL« FT. SCOTT EUREKA DESOTO LAWRENCE RUBBER RES 
PRINCETON OWENSBORO HOPKINSVILLE « LEXINGTON U.S. ARMY (FORT CAMPBELL)» JEFFERSON COUNTY 
BELLE CHASSE « LAKE CHARLES « SHREVEPORT (CROSS LAKE PLANT)« DRIA « EMPIRE + KAISER ALUMINUM 
KAISER ALUMINUM CO. (CHALMETTE) SHREVEPORT « METAB MARRERO LOGANSPORT 
BEL AIRe HAVRE DE GRACE WESTMINISTER« RO De YPSILANTI FILER 
WYANDOTTE ALGONAC HIGHLAND PAK 


AOCTON © TON 
NFORD © LILLI 
FIN AVON Lé 
ION ELYRIA / 
DREe DURANT. 
R HOME (EVA) 


INGTON LEWISTOWN WEW CASTER. 
HOOK)> BRECKENRIDGES RED 
COUNTY EDGEFIELD o WALHAGLS « MOBRINGE CLARK 
HAVEN JEFFERSON CITY> SEWANEE HARRIMAN HUNTINGD: 
BORGER NAVY BASE, (CORPUS LAREDO RUBBER RESERVE CORP., (GORGTA}< SYNTHETIC RUBBER Pi 
PHARRe MONTE ALTO + BROWNSVILLE o DONNA» SAN ANGEL@« BEAUMONT FORT WORTH © LLANAs MARSHALL+A 
ELECTRA SWEETWATER WICHITA FALLS WESLACO GAIND PARE © ABILENE » PORT ARTHUR SAN BEN 
HOUSTON © STAMFORD RIVER OAKS « WACO « RIG GRANDE GULF OIL CORP. (WEST PORT ARTHUR) 
EAGLE PASS PHILLIPS CHEMICAL CO. (HOUSTON)s WEATHERFORD INDUSTRIAL FILTER CO. (HOUSTOP 
PARK NORFOLK PORTSMOUTH AMERICAN) WIS@OSE CORP. (FREDERICKSBURG) AMERICAN VISCOSE 
NEWPORT NEWS» WHEELING « MATEWAN » CHARLESTON « WEIRTON « AMHERST COAL CO. (LUNDSDALE) > MT. HO! 
MOOREFIELD LOGAN MONONGAH « RICHWOOD « FAIRMONT KINGWOOD NORTH FORK PHILLIP! NITRO RIPLE 


Again on the growing Leopold list... BALTIMORE 


For Two More Filter Plants 
BALTIMORE AGAIN CHOOSES LEOPOLD 


All three of Baltimore’s filter plants 
will be outfitted with Leopold Glazed 
Tile Filter Bottoms when present con- 
struction is completed later this year. 

Leopold bottoms were chosen for 
Montebello plants #1 and #2 following 
their ore performance in the 120 
M.G.D. Ashburton plant, where they 
were installed in 1956. The three plants 
will have a combined capacity of 
360 M.G.D. 

Made of de-aired fire clay—vitrified 
and salt glazed, the Leopold filter bot- 
tom can’t be matched for dependable 
economic service. Individual Leopol 
blocks can’t corrode or absorb water 
... are acid and alkali resistant . . . not 
subject to tuberculation . . . provide 


equal filtration and uniform wash dis- 

tribution. For modernization or new 

construction, consider the long term 

economy and performance offered only 

by Leopold filter bottoms. Write today 

for complete information. 

F. B. LEOPOLD CO., INC. 

ZELIENOPLE, PA, 

Exclusive Canadian Representative: W.J. Westaway Co., Lid. 
Hamilton, Ontario 


GLAZED TILE FILTER BOTTOMS 
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| AMERICAN CONCRETE CYLINDER 
PIPE provides... 


DEPENDABILITY 
with ECONOMY 


This pretensioned concrete cylinder pipe 
embodies all of the qualities and charac- 
teristics sought by water works engineers 
for permanent water supply and trans- 
mission lines — strength, sustained high 
carrying capacity; trouble free service 
and unusually long life. When 

you select pressure pipe for 
your permanent water 
“growth lines; be sure to 
investigate American 
Concrete Cylinder 

Pipe, a superior 

product with an 
outstanding record 

of acceptance. 


A. The steel cylinder provides a positive water seal 
or membrane as well as part of the total steel area 
required for internal stresses. 

B. The smooth centrifugally applied mortar lining of 
a nominal %” thickness provides positive internal 
protection, sustained hydraulic capacity, and, im- 
parts rigidity and strength through “arching effect.” 
C. Steel reinforcement rods, which together with 
the stee! cylinder provide the total cross-sectional 
steel area required for the operating pressure 
specified, are wound under controlled tension and 
accurate spacing around the concrete lined cylinder, 
placing it under moderate compression. 


LOS ANGELES: 4635 Firestone Bivd., South Gate, Calif.— LOrain 4-2511 D. In conjunction with the steel rod reinforcement 

along the entire surface of the cylinder, the ap- 

Son 13 plication of a dense concrete coating produces, in 

PORTLAND: 518 N. E. Columbia Bivd.— BUtler 5-2531 effect, a reinforced jacket which affords additional 

ALBUQUERQUE: P. 0. Box 1782 — CHapel 7-0486 ' rds additiona 

PHOENIX: American Concrete Pipe Co. (Subsidiary) structural strength as well as positive exterior 
P.O. Box 12127 — Alpine 2-7566 protection. 
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K-M ASBESTOS-CEMENT PRESSURE PIPE 
Exclusive, patented FLUID-TITE Coupling 
connects in only two easy steps! 


Streamline installation ... reduce 
costs and time with modern “K&M” 
Asbestos-Cement Pressure Pipe. 

To connect pipe to FLUID-TITE 
Coupling, just lubricate the rubber 
gasket—and slide the pipe in. Lay 
more pipe per hour than ever before, 
and do it under all soil and weather 
conditions. 

Tough, hardy “K&M” Asbestos- 
Cement Pressure Pipe firmly holds 
down pumping costs and maintenance 
costs. Won’t corrode or tuberculate, 
and is completely immune to electroly- 
sis. Permanently sealed joints remain 


root-tight and water-tight always. 

What makes “K&M” Asbestos-Cement 
Pressure Pipe so special? Eighty-five 
years of asbestos engineering by one 
of America’s pioneers in asbestos prod- 
ucts. Put this wealth of experience to 
work for you. Write to us today. 


BEST IN ASBESTOS 


KEASBEY & MATTISON 


Company * Ambler « Pennsylvania 


Vol. 51, No. 10 
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SIMPLEX know-how automates 
wash cycle at Mt. Clemens, Mich. 


No need to walk back to the panel 
—table contains Simplex remote con- 
trol station to set wash cycle into 
operation, either automatically or 
manually. 


~ 
~ 


Easy to read from any 
point in the filter gal- — 
lery—big 24-inch dial a 
Simplex wash water 

gauge with automatic 

indicator light to show 

status of pump opera- 

tion. 


The heart of this fully interlocked system is 
the Simplex master control which translates 
information into an automated operation of 
the wash cycle at this recently enlarged Mt. 
Clemens filter plant. 


To maintain de- 
sired rate—mag- 
netic reversing 
motor starter auto- 
Acts on signal from matically positions 
panel—magnetic start- butterfly valve. 
er automatically sets 
ash wate 
butterfly valve is electrically 
operated for instantaneous re- 
sponse to panel controls. 


Wash water pump fur- 


i m LEX 


a division of PFAUDLER PERMUTIT INC. 
Lancaster, Pennsylvania 
Specialists in FLUIDICS... 
Sonsulting Engineer Ayres, Lewis, Norris & May the science of fluid processes 
fechanical Contractor Johnson, Larsen & Co., Detroit 
Vater Works Superintendent Robert bE. Hansen 
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by the bucketful is all right for 
this Sunday engineer, but for 
full time, 24-hour transfer of 
millions of gallons of water, 
rugged Peerless Hydro-Foil 
Pumps are the answer. Steam 
generation plants, sewage dis- 
posal plants, large irrigation 
and drainage projects, flood 
control stations and many 
other rigorous duties are 
being handled efficiently, de- 
pendably and economically by 
these giants of the pumping 
world. Available as either pro- 
peller type or mixed flowtype, 
Peerless Hydro-Foil pumps 
have proved themselves to be 
the finest from every stand- 
point. For the big jobs, get the 
big pump, get the Peerless 
Hydro-Foil! 
WRITE FOR ILLUSTRATED BULLETIN NO. B-148 


Putting ideas to Work 


FOOD MACHINERY AND CHEMICAL 
CORPORATION 


Peerless Pump Division 


Plants: LOS ANGELES 31, CALIFORNIA and INDIANAPOLIS 8, INDIANA 


Offices: New York; Atlanta; St. Louis; Phoenix; San Francisco; Chicago; Fresno; Los Angeles; Plainview 
and Lubbock, Texas; Albuquerque. Distributors in Principal Cities. Consult your telephone directory. 
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only STEEL TANKS ave: 


“bottle” tight —Require no special coatings to prevent 
cracking, leaking. 


un ifor nv —-Always ‘“‘measure up” to specified standards for 
predictable performance. 


du rable —Meet any combination of stresses better than any 
material of equal mass. Ductile to withstand more abuse. 


fl exible - Steel tanks can be readily pre-designed and engineered 
to meet the most specific conditions. 


specified in AWWA standards — only steel tanks 
are so specified. 


For unparalleled protection... always specify STEEL 


STEEL PLATE FABRICATORS 
ASSOCIATION 


Pla 
| % 


Alexander Orr, Jr. Water Treatment Piant 
DEPARTMENT of WATER and SEWERS 
CITY of MIAMI, FLORIDA 
Design ond Supervising Engineers 
DEPARTMENT OF WATER AND SEWERS, 

CITY OF MIAMI 
Contractor 
PITT CONSTRUCTION CO. 


Modern, excellently designed exterior complements 


the highly efficient facilities at the Orr plant 


Aerial view shows the 
extensive layout re- 
quired to treat water 
from the high capacity 
wells in the Everglades 
and at plant site. 


Modern Builders Filter Control Tables central- Omega Fluoride Feeder au 

ize individual filter operation . . . display out- matically feeds exact Sodi 

put and head loss data . . . allow remote oper- Silico-fluoride requirement 

ation of the large hydraulically-operated to water after recarbonat 

Builders Butterfly Valves used for washing, in response to signals sent 

draining and operating filters. feeder from Builders Vent 
meter that measures ing 
flows to plant. 
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POSITIVE CONTROL OF MATERIALS IN MOTION [QQ F 


Providing Pure Water for the Magic City... 


INTEGRATED CONTROL EQUIPMENT 
FURNISHED BY 
SINGLE, RESPONSIBLE SOURCE! 


B-I-F equipment controls 100 MGD capacity at Miami’s new 
Alexander Orr, Jr. Water Treatment Plant. 


A vital part of the greater Miami water system, the modern Orr treatment 
plant is a complex operation where complete integration of all control equip- 
ment provides maximum operational efficiencies, economies, and reliability. 


B-I-F Industries, single, responsible supplier of all supervisory control, filter 
control, chemical feeding and related equipment, brought immediate and 
long term savings in both time and money. How? By providing better 
coordinating of efforts during the planning, installation and start-up stages 
of the project. For full particulars, contact any one of B-I-F's nationwide 
sales and service offices, or write .. . 

B-1-F Industries, Inc., 365 Harris Ave., Providence, Rhode Island. 


B-I-F INDUSTRIES 


BUILDERS-PROVIDENCE - PROPORTIONEERS - OMEGA 


Builders Master Controi Panel serves as centralized Builders Rate-of-Flow Controller Compact Builders rubber- 
information center for operating entire plant. Panel and Diaphragm Pendulum Unit lined AWWA Butterfly 
provides supervisory control of well field, indicates provide simple, rapid rate-of-flow Valves are equipped for both 
all flows entering and leaving plant, indicates setting for economical filter opera- automatic and manual emer- 
amount of chemicals being fed, and pressures both tion. Self-actuated, these durable gency operation . . . have 
at plant and in downtown area. units conserve head, assure accurate many exclusive design fea- 

flow control. tures for efficient “bubble- 

tight” operation, 
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AWWA Standard ——_— Short Body and 
Bell Spigot Mechanical Joint 
Watermain Watermain Fittings— 
Fittings—2” 2” through 20”. 
through 36”. 


Ring 
ittings 


150 


TRINITY VALLEY IRON 
AND STEEL COMPANY 


Phone PE 8-1925 Fort Worth, Texas P. 0. Box 664 
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(Fire Serv 


HERSEY MANUFACTURING COMPANY. 


| (Established 1859) 


Are available in 

with Disc Meter on By-Pass 4 + 

on all industrial fire. with 

rire. ce mnes HERSEY Detector (FM-CT) Meter 
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MENNEDY VALVE tas a complete line 
of A.W.W.A. Standard Gate Valves... 


... that conform to A.W.W.A. specifications in all respects 


Construction features... 


Conventional 

stuffing box 

with adjustable gland has 

ample space for Federal op that 

conforms ral Laue 

cation HH-P. 

tom face of 

flange is faced smooth to 

form bearing surface for stem 
t co 


seals 

ee any kind is required. The 
top O-Ring is the dirt seal 
and the bottom O-Ring is the 
pressure seal, 


Operating nut 
is Shag er Strength Cast Iron. 
ase flange, with arrow 


indicating direction to open, 
to permit access 
from ground surface to ad- 
just gland nuts with an ex- 
tension socket wrench. 


is shai 


KENNEDY A.W.W.A. Standard gate valves 
are designed specifically for use in water 
works systems. Conforming to A.W.W.A. 
Specifications, in several particulars these 
valves exceed these standards of strength 
and refinements of design. 


While A.W.W.A. Specifications cover 
only bell end and flanged end non-rising 
stem valves, the KENNEDY line also in- 
cludes outside-screw-and-yoke valves and 
a wide variety of pipe connections in- 
cluding: Bell Ends, Flanged Ends, Me- 
chanical Joint Ends, Universal Pipe Ends, 
Asbestos Cement Pipe Ends, Screwed Ends, 
Ring-Tite Pipe Ends and Spigot Ends. 


In addition to standard features, KEN- 
NEDY A.W.W.A. Valves have reduction 
gearing, gear cases, by-passes; indicators 
and rollers, tracks and scrapers available 
on 16” and larger sizes. Gearing is always 
furnished on 30” and larger valves. 


@ WRITE TODAY FOR 


KENNEDY 
VALVE 


MFG. CO. 


ELMIRA, NEW YORK 


VALVES 
NYORANTS 


OFFICES 


NEw TORE 


A.W.W.A. BULLETIN 561 
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When Springfield, Ohio, had to take 
a 30-inch-diameter water line across 
a stream, Armco Steel Pipe provided 
an easy solution. Armco Pipe has 
ample beam strength to span the 92 
feet from pier to pier. 

This high beam strength also pays 
off in ordinary in-the-ground installa- 
tions. With Armco Pipe, neither wash- 
outs nor ground settlements disrupt 


ARMCO DRAINAGE & METAL PRODUCTS 


JOURNAL AWWA 


ARMCO STEEL WATER PIPE 
SPANS 92-FOOT STREAM 


New steels are 
born at 


water service. The pipe has sufficient 
beam strength to span these bad spots. 

You too will find that Armco Steel 
Pipe offers many advantages including 
cost savings and safer water lines. 
Write for a free copy of the folder, 
“Armco Steel Water Pipe Delivers All 
the Water You Pump.” Armco Drain- 
age & Metal Products, Inc., 6009 
Curtis Street, Middletown, Ohio 


Subsidiary of ARMCO STEEL CORPORATION 
OTHER SUBSIDIARIES AND Divisions: Armco Division * 


Sheffield Division 
The National Supply Company * The Armco International Corporation 
Union Wire Rope Corporation * Southwest Steel Products 
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4 
Now Add-To-Design paves THE WAY 
TO SIMPLER FEEDER INSTALLATIONS 


The W&T Series A-728 Dry Chemical Feeder 
forms a base for a complete feeder instal- 
lation. Standard components are available 
—designed for use with the Feeder. For 
instance, the A-728 permits 

. . use of hoppers in standard lengths 
and sizes—ending your hoppering prob- 


lems 
. . choice of solution tanks—corrosion 
resistant and tight for the chemicals you 
use. 
. . . direct feeder mounting of standard 
dust collectors, bag loaders, screens— 
eliminating extra structural supports. 
. .. use of overhead supports—to elimin- 
ate your floor stress problems. 
This means you use standard components to 
build your own custom installation without 
special design . . . saves you time and money. 


Write us for information to help you 
build your own feeder installation— 
easily and simply. Address Dept. 
MV-3.05 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9. NEW JERSEY 
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of California, Berkeley, Calif. 


XPERIMENTAL activity in the 
demineralization of water and in 
installation of new plants is going for- 
ward at an accelerating rate. Whereas 
5 years ago the aggregate worldwide 
capacity of land-based distilling plants 
was about 5 mgd, the present capacity 
is more than 11 mgd and it is possible 
that 6-10 mgd will be added in the 
next 5 years. Likewise, the installed 
capacity of electrodialysis plants—less 
than 0.1 mgd 5 years ago—today is 
approaching 3 mgd, and has prospects 
of building up rapidly. Although 
much of this growth is due to drought 
and necessity, at least part of it stems 
from the increased effectiveness of 
available equipment made possible by 
the research and development activities 
of the past few years. 

Research and development efforts 
in the United States have set price 
goals based on the present maximum 
costs for normal water supplies. Spe- 
cifically, these are $125 per acre-foot 
for municipal or domestic uses and $40 
per acre-foot for irrigation, or 38 cents 
and 124 cents per thousand gallons re- 


Progress in Saline Water Conversion 


Everett D. Howe 


A paper presented on Jul. 13, 1959, at the Annual Conference, San 
Francisco, Calif., by Everett D. Howe, Prof., Dept. of Eng., Univ. 
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spectively. Distillation and other com- 
mercial processes have not yet ap- 
proached the higher of these figures 
closely enough to make them practical. 
Hence, most of the production plants 
are located outside the United States, 
in places where fresh water is either 
totally lacking or far more costly. The 
few plants in the United States are 
either connected with power plants 
where extremely pure water is needed, 
or where the price being paid for 
water is many times the figure quoted 
above. 

The costs cited for water produced 
by multieffect distillation have been of 
the order of $3 per thousand gallons 
without concurrent electric power gen- 
eration in the same plant, and $1.75 
per thousand gallons with power gen- 
eration. Research has therefore been 
in two general directions, one group 
of efforts being aimed toward the 
improvement of existing commercial 
processes and the other toward the de- 
velopment of processes not previously 
applied to the demineralizing of water. 
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Demineralizing Equipment 


The demineralizing schemes which 
may be regarded as commercially 
feasible at this time aré thermal distil- 
lation, vapor compression distillation, 
electrodialysis, and ion exchange. 
Distillation is being used primarily for 
desalting sea water, electrodialysis for 
demineralizing waters containing up 
to 4,000 ppm total dissolved solids, 
and ion exchange primarily for soften- 
ing waters that contain calcium salts. 

The newest large distilling plant 
placed in commission is a six-effect 
submerged-coil plant in Aruba, which 
can produce some 2.5 mgd of water 
together with 10,000 kw of electricity. 
This combination of water and power 
production is expected to reduce the 
fuel chargeable to the water plant suf- 
ficiently so that water can be sold for 
$1.75 per thousand gallons (this in- 
cludes 80 cents fuel costs, 65 cents 
capital costs, and 30 cents maintenance 
and operation). Sonderman (1) re- 
viewed these costs and concluded that 
the ultimate development of this type 
of equipment could be expected to 
yield water at about $1 per thousand 
gallons with concurrent generation 
and sale of electric power. 

The problem of reducing costs is 
being given attention by a number of 
experimenters. Further reduction of 
fuel costs could be accomplished by 
increasing the gained-output ratio 
through the use of more effects than 
six. Badger and Standiford (2) pro- 
posed the use of twelve effects, which 
presumably would cut the fuel costs 
of the six-effect plants in two. As 
this requires more equipment, it might 
be assumed that the capital expendi- 
tures would thereby be doubled. The 
twelve-effect proposal also includes the 
use of ferrous rather than nonferrous 
materials in the heat exchangers, how- 
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ever, and the savings thus accom- 
plished are expected to compensate for 
part of the increased cost of added 
effects. Whether or not this design 
can produce the desired results may 
be known soon, as this type of plant 
has been selected as the first of the 
five plants to be constructed under 
the Department of the Interior’s 
$10,000,000 demonstration program. 
The demonstration plant will be de- 
signed for 1-mgd capacity and will be 
located on the Gulf Coast at Freeport, 
Tex. 


Multiflash Evaporators 


Another development of consider- 
able current interest is that of the 
multiflash system, in which flash 
evaporation occurs during 25—40 stages 
of flashing due to small decrements of 
pressure. This scheme was described 
by Silver (3) and is being developed 
by several firms in the United States 
and Great Britain. At least three 
plants of 0.1-mgd capacity or more are 
under contract at the present time, one 
of these being the 0.1-mgd plant to be 
installed by the Southern California 
Edison Co. in connection with its Man- 
dalay steam power station at Oxnard, 
Calif. This plant is to have some 26 
stages of flash and will be used initially 
to explore the possible economies of 
various conditions of operation. 

The merits of the multiflash system 
are cheaper construction and a higher 
average temperature difference in the 
heat exchangers than previous designs 
of multiflash distillers. The multiflash 
unit consists of two or three shells in 
each of which there are twelve or more 
stages. The heating (condenser) tubes 
are secured to the tube sheets at the 
ends of the shell and run continuously 
through all the stages within the shell. 
Stages are separated by diaphragms 
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perpendicular to the tubes and extend- 
ing to the walls of the shell. The tubes 
pass through holes in the diaphragms, 
which fit closely to the tubes and are 
packed to prevent leakage of steam 
from stage to stage along the tubes. 
Because the pressure drop across each 
diaphragm is small, the construction 
may be fairly light. Costs and per- 
formance of this type of equipment are 
not yet well known but should be es- 
tablished soon, as the second Depart- 
ment of the Interior demonstration 
plant will probably be of this type and 
the three contract plants already men- 
tioned should furnish data. 

A third effort to increase economy 
of multieffect distillation is that of 
Leroy Bromley of the University of 
California’s sea water conversion proj- 
ect. His design makes use of thin 
films produced by centrifugal forces to 
increase heat transfer rates to the point 
where 30 effects can be placed in the 
same temperature interval as is now 
being used for the six-effect units. A 
unit using 30 effects to produce an 
estimated 10,000 gpd is under con- 
struction and should be on test late 
this fall. It consists of 31 copper 
plates 4 ft in diameter and arranged 
along a vertical shaft at approximately 
}-in. intervals. Warmed sea water is 
delivered to the upper side of all plates 
but the top one near the center shaft, 
and flows toward the periphery under 
centrifugal forces. Regulation of feed 
rates permits the maintenance of very 
thin films and thus allows evaporation 
at high rates from the film. Steam is 
brought into contact with the lower 
side of the bottom plate to furnish the 
heat input. 

With this arrangement sea water 
evaporates from the top of each plate 
and the vapor is condensed on the 
bottom of the plate above. Mixing of 


SALINE 


WATER 1193 


the streams of outgoing brine and con- 
densate is prevented by a narrow split- 
ter ring placed around the periphery 
of each compartment midway between 
the evaporator plates. The pressure 
distribution across the stack of plates 
is produced by vacuum equipment. A 
countercurrent heat exchanger is built 
into the periphery of the rotor so that 
the outgoing condensate and brine 
streams are used to preheat the sea 
water feed. If successful, the heat de- 
mand for this scheme should be only 
one-fifth that needed for the six-effect 
plants previously described. Capital 
costs can be estimated with some accu- 
racy only after the test unit has been 
run and evaluated. 


Scale Control 


After fuel costs and capital costs, the 
important costs are those of mainte- 
nance and operation, and in this regard 
the problem of scale control has an 
important effect. The deposition of 
scale, like any other crystallization or 
precipitation process, results from local 
supersaturation of a solution. Solutes 
with inverted solubility curves, such as 
calcium sulfate, may reach super- 
saturation through mere temperature 
changes and thus produce scales on 
surfaces where liquid heating is taking 
place. Other solutes, such as magne- 
sium hydroxide and calcium carbonate, 
may reach supersaturation locally be- 
cause of evaporation, heating, or the 
change of pH caused by gas evolution. 
The rate of scale deposition in evapora- 
tors is thus related to the rate of evapo- 
ration, the pH of the feedwater, the 
temperature, the average brine con- 
centration, and the rate of brine circu- 
lation over the evaporating surface. 
Summaries of work done have been 
made by Neville-Jones (4), by Em- 
mett (5), and by Badger and Banchero 
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1194 EVERETT 
(6). It is generally concluded that 
scale deposition can be prevented by 
such methods as contact stabilization, 
seed recycling, the use of additives, 
and forced circulation. The author 
was much impressed, during a recent 
visit to Kuwait, Arabia, with the con- 
siderable success in scale control 
achieved in a triple-effect distiller 
plant. After difficulty with scaling of 
the units caused by the very saline 
water in the Arabian Gulf (43,000 
ppm salinity), a scale control scheme 
was devised which permits over 10,000 
hr of scale free operation between 
shutdowns of the plant. The tube 
bundles are surrounded with a close- 
fitting metal jacket to reduce the brine 
retention time to a minimum and a 
recirculation pump is used to remove 
brine from the bottom of the tube 
bundle and return it to the top of the 
bundle as a spray. The feed to the 
system is treated by the addition of 
a small amount of sodium tripolyphos- 


phate plus a dispersing agent. Operat- 
ing temperatures of the brine are kept 
below about 180°F to avoid hydrolysis 


of the polyphosphates. At Curacao, 
Netherlands Antilles, and Aruba con- 
siderable success in scale control has 
been achieved through pH control with 
ferric chloride, which either is added 
as a chemical or is generated electro- 
lytically by sacrificial iron electrodes 
in sea water. Costs of scale control 
methods vary from 2 cents per thou- 
sand gallons of product. 

Sonderman (1) used the costs of the 
Aruba plant for estimating the costs 
of possible future large distiller plants 
of the same general type. He came to 
the conclusion that a reasonable ulti- 
mate goal would be $1 per thousand 
gallons. He assumed the fuel cost to 
be 6 cents per gallon for oil (equal to 
about 40 cents per 1,000,000 Btu). 
He also assumed a 10 per cent im- 


D. HOWE Jour. AWWA 
provement in evaporating efficiency. 
If many more effects are used, as in 
the Badger or Bromley proposals, the 
fuel cost could presumably be reduced 
to 20-50 per cent of present costs. 
This would doubtless be accompanied 
by increased capital and maintenance 
costs, so that the net reduction in total 
cost could conceivably be of the order 
of 20-30 per cent. 

It is fairly well agreed that thermal 
distillation can be depended on ulti- 
mately to produce water at costs of 
about $1 per thousand gallons, and at 
this price it will meet the needs of 
many consumers, Whether or not the 
price can be reduced substantially 
below that amount is problematical. 


Vapor Compression 


Vapor compression distillation plants 
produce about 200 lb of water per 
pound of fuel, whereas existing multi- 
effect plants produce a maximum of 70 
lb. Individual vapor compression 
units produce only about one-tenth of 
the daily output of maximum-size 
multieffect units, however. A _ size 
limitation is imposed by the vapor 
compressor. 

Research on the vapor compression 
plant has been directed primarily to- 
wards increasing the rate of heat 
transfer in the evaporator-condenser. 
Hickman (7) has developed a rotating 
heat transfer surface which is said to 
result in overall heat transfer factors 
four or five times those in stationary 
evaporator-condensers. More recently 
Lustenader and others (8) have de- 
scribed equipment using vertical tubes 
with which vapor condenses on the 
outside and water evaporates on the 
inside. Heat transfer coefficients are 
at least ten times those of conventional 
shell and tube evaporators. The spe- 
cial features of these tubes are the 
internal rotating wiper blades, which 
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maintain a thin film of water on the 
inside walls of the tubes, and the verti- 
cal flutes, or corrugations, on the out- 
side. The latter have a small radius 
of curvature so that surface tension of 
the condensed drops of water causes 
the convex portions of the tube wall 
to remain dry and the concave portions 
to serve as channels for draining off 
the condensate. The dry portions of 
the tube insure dropwise condensation 
at high rates. 

Another scheme for increasing the 
heat transfer rate is to increase the 
liquid velocity through the tubes by 
forced circulation. Experiments by 
Dodge and Eshaya (9) indicated that 
velocities of 7-8 fps would increase 
heat transfer coefficients and yet not 
require unduly large amounts of en- 
ergy for pumping. Based on their ex- 
periments, Dodge and Eshaya have 
estimated production costs to be from 
70 cents to $1 per thousand gallons 
for plants producing 10 mgd. 

The most economical distillation 
combination seems to be a combination 
of a vapor compression distiller, with 
a steam plant and turbine for com- 
pressor drive, and a :nultieffect plant 
to use the steam discharged from the 
turbine. This combination has been 
proposed by several engineers, but, so 
far as the author is aware, no proto- 
type installation has been made. 


Freezing 

The general principle of “cold dis- 
tillation,” or separation by freezing, is 
that, when sea water is subjected to 
sustained temperatures below 32°F 
but above its eutectic temperature, the 
water crystallizes as ice but all of the 
salts remain in solution. Presumably 
the ice crystals can then be separated 
from the brine and melted to produce 
liquid water. There would be an ap- 
parent advantage from the energy 
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viewpoint in that the latent heat of 
fusion is only about one-seventh of 
the latent heat of evaporation. It has 
been found quite costly to separate the 
ice from the brine, however, and the 
lack of variation of the freezing point 
with pressure makes it difficult to use 
the heat regeneratively. 

Recently a number of investigations 
have been made in this general field. 
Henrickson (10) investigated the costs 
of producing ice by using various ma- 
chines available today. He concluded 
that this portion of the process alone 
would cost nine times the allowable 
amount for the entire cold distillation 
process. Because all the devices con- 
sidered were indirect freezing units— 
that is, they used refrigerants which 
were separated from the ice-making 
compartments by metallic surfaces—he 
concluded that only direct freezing 
methods would be feasible. Zarchin’s 
proposal (11) was one in which freez- 
ing would be direct and would be pro- 
duced by flash evaporation of water 
in a vacuum chamber at a low tem- 
perature. The vapor produced would 
be compressed and the heated vapor 
would be used for melting ice previ- 
ously formed. The inventor is said to 
be working on certain features of the 
equipment, but, so far as is known, he 
has not yet demonstrated the practi- 
cability of his process as a whole. The 
Carrier proposal (1/2) is similar in 
that it involves a direct flash freezing— 
evaporation process, but, in addition, 
a countercurrent washing process has 
been developed for stripping the brine 
from the ice. Experiments with the 
laboratory plant were so successful 
that a 16,000-gpd pilot plant is now 
being designed under a contract for 
the Department of the Interior. 

Another variation of the direct- 
freezing process is the use of an im- 
miscible refrigerant in direct contact 
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with the water to be frozen. Wie- 
gandt (13) has experimented with iso- 
butane as a refrigerant, and the use of 
other materials has been suggested by 
Zarchin (11) and by Rosenstein and 
Gorin (14). So far no complete 
equipment of this type has been put 
together, and the problems of design 
are therefore not completely known. 
Separation by direct freezing is closely 
related to vapor compression distilla- 
tion, and differs in that the volume of 
water obtained from the cold distilla- 
tion plant is much larger than that 
which passed through the compressor 
as vapor. As the energy required is 
dependent primarily on the quantity 
of vapor compressed, coid distillation 
could be more economical of energy 
than vapor compression if the ice and 
brine could be separated at negligible 
cost. 


Vacuum Flash Distillation 


The University of California’s sea 
water conversion project has long been 
interested in the use of vacuum flash 
distillation (15) as a means of by- 
passing the use of fuel or other high- 
grade energy. The general scheme is 
to utilize any two sources of water that 
have different temperatures to provide 
heat for vaporization and power gen- 
eration as well as a coolant for con- 
densation. With temperature differ- 
ences of about 30°F, the warm water 
is delivered to a vacuum chamber 
where a small portion (0.5-1.0 per 
cent) evaporates and the remainder is 
correspondingly cooled. The vapor is 
then passed through a turbine wheel 
on its way to the surface condenser, 
where the colder water supply is used 
to carry away the latent heat from the 
condensate. By a suitable division of 
the available temperature difference 
between evaporation, power genera- 
tion, and condensation, it would be 
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possible in large plants to generate 
enough power to operate all of the 
pumping and vacuum machinery. A 
complete plant of this type has been 
assembled at the University of Cali- 
fornia. It has been operated at rates 
up to 2,000 gpd. Carryover of liquid 
drops has been the limiting factor, and 
current experiments are directed to- 
ward its prevention. 

Studies of this system have been 
made by Nizery (16) and Mulford 
(17), but no prototype plant exists. 
It is interesting, however, to note that 
the new multiflash plant to be installed 
at Oxnard will probably have the last 
few stages in a separate case so that 
vacuum flash distillation of the main 
condenser cooling water can be stud- 
ied. No power-generating element is 
included. Although the scheme is lim- 
ited in its application to a compara- 
tively small number of locations, it 
could make a contribution to solution 
of water problems in those places. 


Solar Distillation 


Solar distillation is another means 
of using energy from nonfuel sources 
for water distillation. The simplest, 
and most widely investigated type of 
equipment for this purpose is the roof 
still, in which a sloping transparent 
cover is used to enclose a pool of water. 
Solar energy passes through the trans- 
parent cover and serves to warm the 
water, utilizing the “greenhouse” ef- 
fect. Water then evaporates from the 
warm surface of the pool and is carried 
as humidity to the colder surface of the 
cover, where it condenses. Conden- 
sate is collected from the lower edge 
of the transparent cover. 

Many variations of this idea are 
possible. The University of Cali- 
fornia has worked extensively (18) on 
units set on stilts about 3 ft above the 
ground, whereas the new Department 
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of the Interior installation in Florida 
consists of units set directly on the 
ground. Telkes (19) and the Bjork- 
sten Laboratories (20) have worked 
on flat-type units in which the pool of 
water is replaced by a moist wick. 
This has the advantage that the col- 
lector surface (wick) can be made 
perpendicular to the sun’s rays and 
the need for insulation of the bottom 
for protection from heat loss is elimi- 
nated. Workers in other countries 
have used materials such as asbestos- 
cement and vermiculite cement to over- 
come local problems. 

Although much has been learned 
from the work done thus far, solar dis- 
tillation has become semicommercial 
only in Algeria and Australia. In 
these countries solar stills are being 
used in family-size installations for the 
production of drinking water from 
saline ground waters. Construction 
costs and land requirements have been 
too great to make large installations 
attractive in the United States. 

All forms of distillation suffer from 
the disadvantage that the energy re- 
quirement is nearly independent of the 
initial salinity of the water—that is, 
nearly the same amount of energy is 
required whether the feed to the plant 
is distilled water or sea water. This 
is because all of the product water has 
to undergo a phase change. 


Electrodialysis 


Electrodialysis is the removal of 
dissolved ions from water by the mi- 
gration of the ions through mem- 
branes as carriers of electric current. 
The recent development of selective 
membranes—that is, with either plus 
or minus electrical charges—has made 
possible the placing of many mem- 
branes in series between electrodes and 
has increased the electrical efficiency 
very greatly as compared with the 
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three-compartment (two-membrane) 
cell, which is the limit with nonselec- 
tive membranes. Electrodialysis has 
the advantage that the energy required 
is proportional to the number of ions 
removed and, therefore, to the initial 
salinity of the water. The installa- 
tions processing saline water with a 
total dissolved-solids concentration of 
less than one-seventh the concentration 
in sea water have required far less 
energy than distillation. Up to the 
present, however, the actual equip- 
ment demands more electrical energy 
for sea water feed than does the vapor 
compression machinery. The expla- 
nation generally given for this is that 
the electrical resistance of the mem- 
branes is too great. For this reason, 
most of the existing plants are in- 
tended for treatment of brackish water. 

The largest electrodialysis plant— 
capacity 2.5 mgd—is located in the 
Orange Free State, Union of South 
Africa, and processes water of 3,000 
ppm initial salinity. The individual 
units in this plant (presses) accommo- 
date flow rates of 625,000 gpd. A 
smaller plant—28,000 gpd—has been 
installed recently in Coalinga, Calif., 
and is fed with well water containing 
more than 2,000 ppm total dissolved 
solids. 

Development work on _ dialysis 
equipment has been in two general 
areas, membrane development and cell 
arrangement. Recently, membranes 
have been made which have good perm- 
selective properties, are mechanically 
strong, and have considerably less re- 
sistance than those previously avail- 
able. Cell arrangement studies are di- 
rected toward a greater percentage 
utilization of the area of the mem- 
brane, as some designs utilize as little 
as 50-60 per cent of the area. 

Problems which have arisen in the 
operation of this type of unit have been 
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dealt with by Hamaker (21), Cooke 
and others (22), and Powell and Guild 
(23). The most generally encoun- 
tered problem is that of scaling. Alka- 
line scales are troublesome in the con- 
centrating compartments when the dif- 
fusion of ions to the surface of the 
anion membrane in the diluting cell 
is insufficient to carry the current. 
Water is then electrolyzed and hydrox- 
ide ions pass through the membrane 
carrying the current and increase the 
pH in the cell. This increase is often 
enough to permit crystallization of ma- 
terials such as magnesium hydroxide 
or calcium carbonate and limits the 
allowable current density. The condi- 
tion may be offset by the feeding of 
acid or by the periodic reversal of the 
cells, both electrically and hydraulically. 

Although the present costs of water 
produced by electrodialysis are several 
times the goal figures, the equipment 
must be regarded as in the early stages 
of development, and the costs of the 
process may be reducible by usage. It 
is probable that one of the demonstra- 
tion plants of the Department of the 
Interior’s program wili utilize this 
process, and, if so, this should give a 
considerable impetus to its development. 


Ion Exchange 


Ton exchange is best known for its 
use in softening fresh water. The un- 
wanted calcium and magnesium ions 
are replaced in the water by sodium 
ions, low concentrations of the latter 
being quite acceptable in the product 
water. Water that needs to be de- 
mineralized, however, generally has far 
more sodium and other ions than can 
be tolerated. A simple exchange with 
soluble metallic ions is of no value. 
Several other possibilities exist, 
however. 

The life raft emergency water kits 
used during World War II contained 
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silver zeolite. When crushed and im- 
mersed in an appropriate quantity of 
sea water, the silver ions would ex- 
change with the sodium and other ions 
and thus go into solution. In the solu- 
tion the silver ions would combine 
with the chloride ions and precipitate 
a filtrable solid silver chloride. The 
filtered water was then potable. Al- 
though this method was quite effective 
and was acceptable for wartime emer- 
gencies, the silver ions lost in the silver 
chioride were far too expensive. A 
second possibility lies in the use of acid 
and basic exchange materials which 
would exchange hydrogen and hydrox- 
ide ions for the unwanted ions in sea 
water. This, too, although satisfactory 
from the viewpoint of the product 
quality, is too expensive when the 
costs of acid and alkali for regenera- 
tion are reckoned. 

The third possibility lies in the use 
of exchange ions that can be volati- 
lized. Gilliland (24) suggested the 
use of ammonium bicarbonate. Stew- 
art (25) has reported preliminary cal- 
culations and tests using ammonium 
carbonate as well as the bicarbonate. 
The basic idea is to exchange the un- 
wanted ions with the volatile ions by 
charging the product water with the 
latter. This charged water is then 
heated and the volatile materials are 
collected and used for regeneration. 
With this combination, the gases pro- 
duced by heating are ammonia and 
carbon dioxide. These gases can be 
redissolved, and the solution obtained 
can be used for regeneration. 

As reported by Stewart (25), inves- 
tigations at the University of Cali- 
fornia have disclosed the ion-exchange 
materials which are satisfactory for 
use with ammonium bicarbonate. 
Present efforts are in the study of 
means for degassing the water and 
concentrates with minimum quantities 
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of heat energy. Other possible ex- 
change systems, such as those contain- 
ing other volatile materials and those 
yielding salts with inverted solubility 
curves, are being considered. 


Summary 


Multieffect and multiflash distilla- 
tion systems appear to be receiving the 
major share of attention at the present 
time. The first two demonstration 
plants of the Department of the Inte- 
rior, as well as the majority of large 
production plants, are of this type. It 
is likely that the majority of installa- 
tions for the next few years will be 
variations of thermal distillation. The 
limitation will be that of ultimate cost, 
estimated by conservative engineers to 
be about $1 per thousand gallons mini- 
mum. It is also likely that vapor com- 
pression, with about the same cost 
limitations, will find early application. 
Its advantage will probably be that 
minimum cost may be reached at lower 
capacities than those for thermal 
distillation. 

Electrodialysis has reached the stage 
of development where it produces fresh 
water from brackish water more 
cheaply than distillation and where its 
degree of dependability warrants ex- 
tensive application. If sufficient num- 
bers of plants of this type are operated 
over the next few years, it is possible 
that applications to sea water may 
come about by evolution. 

Ion-exchange processes in general 
have not received sufficient attention. 
It is possible that combinations of ion- 
exchange and thermal or electrical 
processes could prove more economical 
than distillation alone. 

Reversed osmosis, solvent extrac- 
tion, and some other less well devel- 
oped phenomena will continue to re- 
ceive attention but cannot be expected 
to yield attractive processes until at 
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least 5-10 years after the development 
of workable equipment. 

The drain on fossil fuel resources 
of any distillation scheme, if developed 
in large sizes, will be such as to in- 
crease efforts to use nuclear energy, 
solar energy, and waste heat. Studies 
of nuclear energy indicate that it costs 
about twice as much as heat from fossil 
fuels. Solar energy will probably be 
used for a large number of small in- 
stallations in the near future. Larger 
installations will probably appear later 
as a result of experience with, and 
evolution of, the small ones. The use 
of waste heat for vacuum flash distil- 
lation is likely to find limited applica- 
tion soon. 
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Sheppard T. Powell 


Cons. Engr., Sheppard T. Powell & 
Assocs., Baltimore, Md. 


The saline water conversion pro- 
gram sponsored by the Office of Saline 
Water of the US Department of the 
Interior has now passed the planning 
and experimental stage and _ has 
reached fulfillment to the extent of 
the installation, in the immediate fu- 
ture, of at least five demonstration 
units. This development has become 
a reality through the congressional 
authorization of an expenditure of 
$10,000,000 for such units. 

It is now well established that there 
are many processes by which sea water 
and other saline supplies can be con- 
verted to usable fresh water. There 
are several such installations now in 
practical operation in the United States 
and elsewhere in the world. 

There is much misunderstanding on 
the issue of the probable cost of saline 
water conversion. Many believe that 
the cost cannot reach, or even ap- 
proach, the low price now paid by 
communities for natural fresh water. 
The writer does not share this pessi- 
mistic viewpoint in the light of recent 
developments, especially in equipment 
design and process improvements. 

A few years ago the cost of conver- 
sion of sea water by conventional dis- 
tilling apparatus ranged from $5 to $7 
for 1,000 gal. More recently, instal- 
lations have produced water for as 
little as $1.75 for 1,000 gal. This 
latter cost is still excessive and must be 
reduced, but it has been reliably pre- 
dicted that the cost of salt water con- 
version will soon be well under $1 for 
1,000 gal, and even a lower figure may 
be attained, possibly half that amount. 
The predicted reduction in cost of con- 
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version, either by distilling plants or 
other processes, has been brought 
about by improvement in the design 
of equipment and more efficient oper- 
ating techniques. In the past, distill- 
ing plants were constructed, in large 
part, of costly alloy metals. It has 
now been demonstrated that such con- 
struction is not necessary and much 
less costly materials, such as steel, alu- 
minum, and concrete, can be employed. 

An important factor in the reduction 
of conversion costs is the possible use 
of byproduct heat energy. Large po- 
tential savings in operation will accrue 
through the use of byproduct heat en- 
ergy, especially when distilling plants 
are integrated with power stations, or 
have other available sources of in- 
expensive heat. 

One of the problems of conversion 
that has been, or soon will be, solved 
is the control of scale on the heating 
surfaces of evaporators, and the pre- 
vention of corrosion. Experimental 
work thus far conducted demonstrates 
that both of these problems are con- 
trollable. Their solution will result in 
considerabie savings in operating costs. 

Rapid advances are being made in 
the efficiency of the membranes used 
in electrodialysis systems for treating 
brackish water. Further, there is 
strong indication that the conversion 
of saline supplies by freezing processes 
will have a place in the overall solu- 
tion of water shortage problems. 

In summary, there is definite assur- 
ance that the conversion of saline 
water to produce fresh water at a rea- 
sonable cost is fast reaching fruition, 
and the writer is confident that this 
will be a factor in the solution of the 
water supply problems throughout the 
arid and semiarid regions of the world. 
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Parallel Operation of a Municipal Water Supply 
and an Electric Utility 


Peter C. Karalekas 


A paper presented on Jul. 16, 1959, at the Annual Conference, San 
Francisco, Calif., by Peter C. Karalekas, Chief Water Engr., Munici- 
pal Water Works, Springfield, Mass. 


HIRTY years ago, the board of 

water commissioners of Spring- 
field, Mass., and the Turners Fal!s 
Power and Electric Co. entered into 
an agreement to utilize the same 
source—the Cobble Mountain Reser- 
voir—for the dual purpose of a public 
water supply and the generation of 
electric power. Precedents for such a 
procedure and standards for a contract 
which would safeguard the interests 
of both parties were difficult to find. 
It speaks well for the foresight of the 
devisers of the agreement that no 
questions have arisen as to the rights 
and duties of the two parties to the 
contract during a quarter-century of 
utilizing the same source. The point 
of view of the purchaser of power- 
house rights, Western Massachusetts 
Electric Co., has been presented in a 
published article by Antonio Ferreira 
(1). It is the purpose of this article 
to describe the parallel-operation proj- 
ect from the standpoint of Spring- 
field’s board of water commissioners, 
as they were responsible for obtaining 
legislation to raise the money and to 
build the structures. 


Background 


The formation of a Springfield 
board of water commissioners was au- 
thorized in legislation adopted in 1872, 
when water supplied from local ponds 


by the Springfield Aqueduct Co. 
proved so inadequate that the citizens 
decided a new source was needed. In 
June 1872, the lack of water prompted 
the commissioners to acquire promptly 
the works of the private company. 
The price, including purchase of the 
distribution system, was $250,010.53. 
Makeshift sources, including the Con- 
necticut River, were utilized for the 
next few years. In the meantime, 
engineers were called in to report on 
new sources of supply. They consid- 
ered Westfield Little River, about 143 
mi to the west of the Connecticut 
River, and tributaries of the Chicopee 
River, in the town of Ludlow, about 
3 mi northeast of Springfield. The 
Ludlow supply would require pump- 
ing but it was so much closer to the 
city than Little River, that first cost 
proved to be the determining factor. 
From 1875 to 1909, the city was 
served from the Ludlow supply, which 
soon became notorious for its tastes 
and odors. In 1904, open, intermit- 
tent sand filters were installed and 
operated with some success, but, as 
explained by the designer, they were 
incapable of ridding the water of un- 
pleasant tastes and odors during dry 
seasons. Several engineers and the 
Massachusetts Board of Health ad- 
vised against continued use of the 
Ludlow source, even though it could 
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have provided an additional 5 mgd. 
In March 1905, the city council au- 
thorized its consulting engineer to 
report on the Little River sources of 
supply, and in November 1905, the 
mayor and board of water commis- 
sioners petitioned the Massachusetts 
General Court for authority to appro- 
priate the waters of Westfield Little 
River. After much opposition from 
the town of Westfield, the bill was 
passed. 

The consulting engineers and the 
chief water engineer proceeded with 
the design and construction of struc- 
tures west of the effluent pipe of the 
filters. These included Borden Brook 
Reservoir, in the upper end of the 
Little River watershed, the present 
intake or diversion reservoir, about 
7,000 ft upstream from the filter site, 
a 6,200-ft intake tunnel, a raw-water 
settling basin, and the first unit of 
slow sand filters. All of these units 
are still in use, although the intake 
tunnel was enlarged in 1932. This 
first part of the Little River develop- 
ment had a dependable yield of 8 mgd, 
plus the yield from an additional 40.5 
sq mi of watershed. 

All water taken from Borden Brook 
Reservoir flowed about 44 mi in the 
stream bed to the intake reservoir 
formed in the stream bed by a curved 
overflow dam. There, part of the 
water, as needed, was diverted to the 
filters through the intake tunnel, the 
excess water going over the dam. 


Filter Plant Site 


Springfield is one of several Ameri- 
can municipalities effectively utilizing 
the economy and facility of operation 
of slow sand filters, The chief demerit 
of slow sand filters is that they re- 
quire 30-40 times as much land area 
as rapid filters. Springfield authori- 
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ties, at the turn of the century, were 
sufficiently far-sighted to purchase an 
area of about 415 acres, of which 20 
were relatively level. This area is 
located at an elevation that makes pos- 
sible the use of gravity conduits from 
the new source of supply on the Little 
River watershed—Borden Brook Res- 
ervoir—and gravity conduits to the 
distribution system of the city of 
Springfield, located 114 mi to the 
east. As all slow filters are perforce 
of the gravity type, the elevation of 
the filters was an important consid- 
eration in the determination of the 
sizes of all conduits and the head avail- 
able for the production of electric 
power. The first six units of the fil- 
ters were built in 1908. Four larger 
beds, added in 1924, brought the acre- 
age to 6.25 and the peak capacity to 
about 34 mgd. Additions in 1952 
brought the total acreage to 8.25, and 
the peak rated capacity for short inter- 
vals was increased to 60 mgd. The 
last installation is described in a pre- 
vious paper (2). 

The raw-water settling basin of the 
filter plant was constructed, in 1908, 
with flow line at an elevation of 491 
ft, and the intake reservoir was built 
at the same time with full reservoir 
level at an elevation of 496 ft (Fig. 
1). These elevations became impor- 
tant factors in the late 1920’s because 
they fixed the lower elevation of the 
operating head for the hydroelectric 
power plant under consideration. 


Hydroelectric Power Plant 


As early as 1923, consideration was 
being given by the water commission- 
ers to the future development of the 
Little River supply. The two alterna- 
tives were: [1] construction from time 
to time of a series of small reservoirs 
on the 
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Little River below Borden Brook Res- 
ervoir, and [2] at much greater im- 
mediate outlay of funds, construction 
of a single large reservoir with an un- 
usually high, but short, dam. Consid- 
eration was also given to constructing 
Cobble Mountain Dam in stages. In 
his annual report for 1927, Chief Engi- 
neer Lochridge of the Springfield 
water utility reported: 


All of these propositions were too ex- 
pensive for the results obtained or too 
short-lived to appear economical when 


Flow Line (1,070) 
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full intake reservoir at elevation 496. 
As this high head must be expended 
before the city water reaches the ex- 
isting raw-water settling basin of the 
slow sand filter plant, it was logical 
to consider a hydroelectric develop- 
ment. Such a development would 
provide much needed revenue to meet 
the burdensome financial charges for 
a $4,500,000 bond issue and to dis- 
sipate the high pressure head without 
the use of troublesome _ throttling 
valves. 


(1,045) —| Head for Power 
1,000 F- ¢~Flow Line (952) 
900 (840) y Penstocks 
Limit of Drawdown 
Under Contract 1 (830) Raw Water 
Basin at 
700 _ Diversion Tunnel (754) Filters 
S 500} 
& Sle Cobble Mountain 
400 + Reservoir 
300+ = 10-ft 3 6-ft 
a Tunnel ® Tunnel 
200 
2 
100 + 2 
Area — acres 213 1,134 8 
Distance ~ ft 3,000 |2,200 14,000 7,300 2,000 6,200 
Capacity — mil gal 2,500 22,829 55 
Yield — mgd 8 55 with Borden Brook 1,100 55+ 


Fig. 1. Profile From Borden Brook Reservoir to Basin at Filters 
Data in parentheses represent elevations (in feet above mean sea level). 


viewed from the standpoint of the ulti- 
mate necessary supply. With the con- 
tined growth of the city, . .. the con- 
struction of a full-height dam and a 
reservoir at Cobble Mountain is shown 
by all studies to be the only logical and 
complete development. . . . 


As shown in Fig. 1, the full-height 
dam with 7-ft flashboards on the spill- 
way would have a flow line at an ele- 
vation of 952 ft, or 456 ft above the 


Legislation for Parallel Operations 


Legislative permission for Spring- 
field to generate and sell power is con- 
tained in Chapter 163, Special Laws 
of 1918. This act provides that the 
city, acting through its water commis- 
sioners, may utilize the fall of water 
on any part of its water system, now 
or in the future, to generate electricity. 
It also may sell power to any city, 
town, or corporation in the counties 
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of Hampden or Hampshire lawfully 
authorized to engage in the sale of 
electricity. 

Under the authorization of Chapter 
28, Laws of 1924, negotiations were 
started for the sale of power which 
could be generated under previously 
granted legislative permission. When 
definite proposals for power were re- 
ceived from the Turners Falls Power 
and Electric Co. (subsequently taken 
over by the Western Massachusetts 
Electric Co.), the funds needed to 
carry out the project could be more 
reliably estimated. Under Chapter 
267, Laws of 1928, legislation pro- 
vided for the borrowing of $4,500,000; 
the utilization of unspent balances in 
previously authorized funds; the re- 
tirement of bonds and payment of in- 
terest in 30 equal payments; the leas- 
ing to an electric company, for a pe- 
riod not exceeding 30 years, of the 
buildings, machinery, equipment, and 
appurtenances erected for the genera- 
tion of power ; the reserving to the city 
of the absolute prior right to use of 
the water; and the fixing of the as- 
sessed valuation of the power plant 
and appurtenances, which are located 
in three towns, at $1,100,000 for 
Granville, $1,000 for Russell, and 
$8,000 for Westfield. 

As pointed out in the 1928 report 
of the water commissioners, the pro- 
visions of this act are most important. 
They open the way clearly and legally 
to the leasing of the entire power plant 
so that the city need not enter into 
business or take business risks for 
which it might not be equipped. The 
act permits the fixing of the amount 
to be paid for power at a figure which, 
received regularly without regard to 
the season or time of power produc- 
tion, will provide funds for the uni- 
form retirement of bonds and interest. 
Provisions were made for the retire- 
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ment of a small amount in bonds dur- 
ing the earlier years, and an increas- 
ing amount as the interest decreased, 
in such a manner that the annual in- 
terest and bond payments would be the 
same each year. This method not only 
arranged the payments so that the 
project could be financed without em- 
barrassment, but it also permitted the 
use of the money received from the 
power plant to be applied directly to 
the payment of interest and retirement 
of the bonds without loss. The ready 
sale of the bonds would indicate that 
the plan of uneven annual retirements 
was not objectionable to the pur- 
chasers of the securities. The first 
bonds sold under this act were for 
$1,000,000 on Jan. 1, 1929. The pro- 
visions in the act for fixed valuations 
for the purpose of taxation followed 
conferences with the authorities of the 
three towns. These conferences re- 
sulted in agreements based on the cost 
of the structures. This static provi- 
sion has served well to ward off any 
attempts at local revaluation for tax 
purposes at the expense of the city. 


Contract for Parallel Operation 


The construction of works that 
could be utilized both for public 
water supply and for power produc- 
tion by an electric utility was so novel 
in 1928 that few precedents existed on 
which to base the contract provisions. 
The contract entered into Jun. 21, 
1928, by the city of Springfield and 
the Turners Falls Power and Elec- 
tric Co. (superseded on Jan. 1, 1943 
by the Western Massachusetts Elec- 
tric Co., a subsidiary of the Western 
Massachusetts Companies) provides as 
follows: 

The city of Springfield agrees: 

1. To construct a storage reservoir on 
the Westfield Little River with its flow 
line at 945 ft [above] mean sea level, so 
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constructed that flashboards, 7 ft high, 
may be maintained thereon 

2. To construct an outlet pressure tun- 
nel about 7,260 ft in length from the stor- 
age reservoir to a point directly above the 
intake reservoir, the upstream elevation 
of the tunnel to be 830 and the down- 
stream to be 780 

3. To construct a concrete-lined tun- 
nel and tunnel connections equivalent to 
a 10-ft-diameter circle 
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electric development, gates, and tunnel; 
the right to use excess water from the 
intake reservoir; the right to control 
part of the water in the Borden Brook 
Reservoir; and the right to build certain 
structures 

7. To maintain all dams and reservoirs. 

The public utility corporation agrees: 

1. To build a hydroelectric plant to 
produce 23,000 kw of electrical power 
when operated at a head of 330 ft 


TABLE 1 
Record of Revenues, Charges, and Taxes for Cobble Mountain Development, 1929-58 


| 


Amount—$ 
Vear Revenues | Chargest on | Local Taxes 
From 1929-30 On Power 
Power Lease Bondst Plant 
1929 20,000 
1930 137,140 
1931 259,568 17,878 
1932 14,250 259,253 21,244 
1933 270,000 257,818 25,592 
1934 270,000 258,201 26,7934 
1935 292,500* 258,594 26,740# 
1936 270,000 259,740§ 27,886# 
1937 270,600 258,710 29,518# 
1938 270,600 257,560 30,0684 
1939 270,600 257,270 28,984 
1940 270,600 257,820 26,759 
1941 270,600 257,173 29,585 
1942 270,600 258,345 26,725 
1943 270,600 258,280 26,704 


| 


Amount—$ 
Year Revenues | Chargest on | Local Taxes 
From 1929-30 On Power 

Power Lease Bonds} Plant 
1944 270,600 259,035 26,714 
1945 271,500 258,550 27,814 
1946 271,450 257,868 33,347 
1947 271,450 257,968 35,559 
1948 271,475 257,825 35,605 
1949 271,500 258,445 37,824 
1950 271,500 257,785 38,940 
1951 273,190 257,888 43,292 
1952 273,135 257,710 43,298 
1953 273,135 258,253 43,406 
1954 273,245 257,458 42,300 
1955 273,300 258.386 43,304 
1956 253,190 256,975 48,864 
1957 255,225 257,285 49,973 
1958 255,700 256,215} 57,694 


Totals | 7,040,545 | 7,383,112 | 953,300# 


| 


* Includes December 1934—that is, 13 months owing to shift in fiscal year. 


t Interest plus amortization. 


tA total of $4,500,000 was issued in bonds during 1928-30. 


Maximum. 
| Minimum after 1931. 


# $942,823.60 paid to Granville on $1,106¢),000 assessed value; $1,594.20 paid to Russell on $1,000 assessed value; 


$8,892.00 paid to Westfield on $8,000 assessed value. 


4. To complete this work by October 
1, 1930 

5. To pay for the power plant upon its 
completion the actual cost to the com- 
pany or a sum not exceeding $1,100,000 

6. To lease to the company for a pe- 
riod of 30 years from the day when Cob- 
ble Mountain Reservoir has filled with 
water to the level of 920 ft*; the right 
to occupy, use and operate the hydro- 


* The date became Nov. 12, 1932. 


2. To build trash racks, line the lower 
portion of the tunnel with steel, build a 
powerhouse, water wheels, generators, 
exciters, switches, switchboard, electrical 
circuits, and other necessary apparatus 
and equipment to deliver the generated 
energy 

3. To build a roadway to the power- 
house 

4. To build two 66,000-v transmission 
circuits on city property 
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5. To maintain and repair all plant 
under lease, and to surrender the leased 
plant to the city at the termination of 
the lease in good order and working 
condition 

6. To aid in the measurement of the 
water and to conduct its operations so as 
to preserve the purity of the water. 


Other provisions in the contract 
were that: 

1. Allowance for slight adjustments 
in revenue be made by special draft 
requirements for variations in the 
quality of water and for special use 

2. Whenever the electric company 
fails to provide sufficient water, the 
water be drawn from the outlet gate 
(Diversion Gatehouse) leading from 
Cobble Mountain Reservoir 

3. A schedule be made of elevations 
in the Cobble Mountain Reservoir to 
which the reservoir can be drawn for 
each month of the year 

The elevations at which Cobble 
Mountain and the Intake Reservoirs 
are controlled by flashboards and the 
openings permissible for taking excess 
water from the Intake Reservoir were 
also specified. 

The contract stated that when city 
use averages 30 mgd, the reduction in 
revenue is to be $20,000, with further 
reductions as the city usage grows. 
A rental of $270,000 per year is to be 
paid in monthly installments. 

An elevation of 1,045 ft is to be the 
limit of drawdown on Borden Brook 
Reservoir for power; this leaves in 
storage 1 bil gal of the total capacity of 
2.5 bil gal. The water level in Cobble 
Mountain Reservoir is, according to 
the contract, to be so regulated and 
controlled that the city can at all times 
draw from the Intake Reservoir the 
amount required for supplying Spring- 
field and any towns in which the city 
is or might become authorized to sell 
water. 
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It will be observed that, because the 
domestic water demand is growing 
constantly, the contract provides the 
city with a continuously increasing 
reserve at the reservoir. The eleva- 
tions to which the reservoir can be 
drawn to provide for power are gradu- 
ally to be raised, and the quantity of 
storage allowed the company is gradu- 
ally to be decreased. Each 5-mgd in- 
crease in yearly city use also results 
in a decrease in the revenue from the 
powerhouse. 


Yearly Payments 


The contract provides for a basic 
payment of $270,000 and is subject to 
adjustment with increasing rates of 
diversion of water for municipal use. 
When the average daily draft by the 
city from the Intake Reservoir ex- 
ceeds 30 mgd, $20,000 is to be de- 
ducted from the payment due the city. 
The reason for this deduction is that 
the power company has less storage 
for its optional use. When the aver- 
age daily draft by the city exceeds 35 
mgd, an additional $20,000 per year is 
to be deducted. 

When the average daily draft by the 
city exceeds 40 mgd, an additional 
$35,000 per year is to be deducted. 

Reductions in annual rent are to 
take effect in the year following the 
year in which the city’s draft from the 
Intake Reservoir exceeds the indicated 
quantities. 

Adjustment is also provided for 
peak rates of draft by the city from 
the Intake Reservoir whenever the city 
orders the power company to release 
and discharge water in such quantities 
that the Intake Reservoir is main- 
tained at an elevation of 494 ft or 
higher (full reservoir elevation is 496 
{t) for at least 20 hr each day; if the 
company is required to do this for 
more than 60 days in any one year, a 
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reduction in rental is allotted, and, if 
the number of such days is fewer than 
60 per annum, an increase in rental is 
provided for. 

Adjustments in rental are made by 
calendar years. Rental adjustments 
are calculated as daily charges for the 
number of days occurring as described 
above in each year in excess of or less 
than 60 days. For the first 3 years 
of contract term (until Nov. 12, 1935) 
no adjustment was made in daily 
charges. Thereafter, the adjustment 
rate was $10 per day up to and includ- 


TABLE 2 


Estimates of Revenues, Charges, and Taxes for 
Cobble Mountain Reservoir, 1959-62 
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Amount—$ 
Year 
| Charges on | 
Power Lease Plant 
Totals 
7,040,545 | 7,383,112 953,309 
1959 250,000 256,805 60,000 
1960 250,000 141,158* 60,000 
1961 250,000 60,000 
1962 218,000t| | 60,000 
Totals |$8,008,545 |$7,781,075 | $1,193,309 


* 30-year $4,500,000 bond issue charges paid up Dec 
1, 1960. 


+ Revenue from present contract ceases™Nov. 12, 
962. 


ing the first year in which water was 
drawn by the city from the Intake 
Reservoir at rates exceeding 20 mgd. 
Thereafter the adjustments are $25 
per day up to and including the first 
year draft exceeds an average of 25 
mgd; $55 per day until the year after 
the year in which the draft reaches an 
average of 30 mgd; $95 per day until 
the year after the year in which the 
draft reaches an average of 35 mgd; 
and $130 per day until the end of the 
contract term, Nov. 12, 1962. 
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Revenue From Power 


The revenues received each year 
during 1932-58 and calculated in ac- 
cordance with the provisions outlined 
in the preceding paragraph are shown 
in Table 1. 

It will be observed in Table 1 that 
the initial reduction of $20,000 per 
year for average flows in excess of 30 
mgd was never made until 1956; the 
first reduction of $20,000 was proper 
then, because the city extracted water 
from the Intake Reservoir in 1955 at 
an average rate of 31.46 mgd. Pay- 
ments of more than $270,000 for the 
years 1945-55 reflect the increase in 
rental earned by the city for not re- 
quiring high water levels in the Intake 
Reservoir. 

The city has never to date had to 
pay a penalty for maintaining the level 
in the Intake Reservoir at 494 ft for 
more than 60 days in any one year. 
The water level in Cobble Mountain 
Reservoir has been so controlled that 
it has never dropped below the pre- 
scribed level of 820 ft. Table 2 shows 
the forecast revenues from power, 
from Nov. 14, 1958 to the termination 
of the 30-year contract on Nov. 14, 
1962. The total is estimated at 
$8,008,545. 


Charges 

In Table 1 are shown the payments 
for bond retirement and interest dur- 
ing 1932-58. It will be observed that 
after 1931 they vary from $259,740 
in 1936 to $256,215 in 1958. These 
are not equal payments, as might be 
expected with bonds of different face 
values. 

In Table 2, the financial charges to 
the termination of the power contract 
on Nov. 12, 1962, are estimated and 
give a total of $7,781,074.50, which is 
$227,471.50 less than the revenues 
of $8,008,545. This bears out the 
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claim that the project would be self- 
supporting. 
Overall Economy 


It still remains to consider the local 
taxes to the towns of Granville, Rus- 
sell, and Westfield, as provided in the 
1924 laws. As shown in Table 1, 
these taxes totaled $953,309.40 to the 
end of 1958. In Table 2, taxes are 


TABLE 3 


Overflows of Cobble Mountain Spillway* Due 
to Storms, 1937-55 


Overflow Elevation 
tt 


Date 

May 15, 1937 952.8 

Jun, 14, 1938 952.1 

Jul. 25,1938 952.2 

Jul. 30, 1938 952.1) 

Jul. 31, 1938 aa storm 
Aug. 1, 1938 952.3 

Aug. 7, 1938 952.3 

Aug. 8, 1938 952.2 

Sep. 22,1938 953.4 

Jun. 1, 1939 952.2) 

Jun. 2, 1939 952.5 )single storm 
Jun. 3,1939 952.2) 

Jun. 8, 1942 952.1 

Jun. 14, 1948 952.1 

Jun. 29, 1948 952.1 

Jun. 2, 1952 953.5) . \ 

Jun. 3, 1952 952.7/Sinsie storm 
May 11,1953 952.3 

Aug. 19,1955 961.9) 

Aug. 20, 1955 955.1 single storm 
Aug. 21, 1955 953.2 

Oct. 16, 1955 955.4) 

Oct. 17, 1955 954.1)single storm 


Oct. 18,1955 952.7 


* Spillway elevation 952 ft. 


forecast until Nov. 12, 1962; the total 
is $1,193,309.40. 

If these taxes are considered part 
of the charges against the hydroelectric 
project, there is a deficit of about 
$966,000 over 30 years. But this is 
seen to be most reasonable. In 30 
years, the city has probably taken an 
average of 25 mgd from Westfield 
Little River sources. Assuming 4 mgd 
came from Borden Brook Reservoir 
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which was financed by bond issues not 
relevant here, in 30 years at 21 mgd 
the city would have derived 229,000 
mil gal from Cobble Mountain at a 
cost of $966,000, or about $4 per mil- 
lion gallons—an absurdly low cost. 

If the Cobble Mountain develop- 
ment had been built piecemeal with no 
power development, as the water de- 
mands increased from 1932 to 1958, it 
would have cost more than $7,000,000, 
and the financial charges might have 
totaled $12,500,000. That would rep- 
resent a cost for 229,000 mil gal or 
nearly $55 per million gallons, 

These rough figures indicate the 
outstanding economy of the project 
as conceived and built, allowing for 
taxes of $1,193,000 on the power 


development. 


Loss Over Spillway 


As water passing over the spillway 
into the stream is of no use for power 
development, consistent efforts have 
been made to keep the reservoir as 
full as possible and still reserve some 
volume to absorb storms which might 
cause loss of water over the spillway. 
In Table 3 are recorded the fifteen 
storms in 26 years which have resulted 
in rises in the water level to above an 
elevation of 952 ft, which is that of 
the top of the permanent 7-ft addi- 
tional spillway dam installed in 1938. 
It will be observed that only four 
storms resulted in a 12-in. crest on 
the spillway; of these, Hurricane 
Diane on Aug. 18-19, 1955 (rainfall 
at Cobble Mountain was 17.73 in. in 
2 days) raised the water level to 960 
ft, or 8 ft over the spillway. Land- 
slides at that time caused the power 
station to be flooded, and access roads 
were damaged ; it cost the power com- 
pany about $50,000 and 4 weeks’ loss 
of power. It was necessary to supply 
the needs of the city from the so-called 
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Diversion Gatehouse, the second outlet 
structure of the reservoir. 


Operating Experience 

All water for the city supply passes 
through the turbines at the power- 
house. When all three turbines are 
operating at a 420-ft effective head to 
produce 33,000 kw, they discharge at 
the rate of 1,100 cfs, or. about 710 
mgd. When operating at a 330-ft 
head to produce the normal output of 
23,000 kw, they discharge a little less, 
probably 1,020 cfs, or 650 mgd. If 
the station were operated full time, 
there would be a tremendous draw on 
the storage, and the reservoir would 
be drawn down completely in 30 days. 
Because the power station can be put 
in service to develop full output in 14 
min, it is operated primarily as a re- 
serve, for 40-44 daylight hours per 
week, never on Sundays or at night 
except for emergencies, and seldom 
more than 8 hr per day. The city is 
fortunate to have a storage volume in 
the raw-water settling basin at the 
filters of 40 milgal at an elevation 
high enough above the filters to feed 
them adequately when drawn down to 
an elevation of 480 ft, although this 
necessitates bypassing the filter con- 
trol level aerator. The rates of flow 
required for full operation of the three 
turbines set up velocities in the Cobble 
Mountain tunnel of over 14 cfs. In 
the last 27 years, however, there has 
been no evidence of erosion in this 
horseshoe-shaped, concrete-lined tun- 
nel. When this high rate of flow 
reaches the Intake Reservoir, as much 
as 100 mgd can be diverted into the 
intake tunnel and thence into the raw- 
water settling basin, which has to be 
partially emptied to create hydraulic 
conditions for the high rate of dis- 
charge. Even when there is a dis- 
charge of 100 mgd from the Intake 
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Reservoir through the intake tunnel, 
there is a leftover flow of 550 mgd. 
This must be passed over the overflow 
dam of the Intake Reservoir, as the 
reservoir, even when cleaned of heavy 
sediment, holds only 41 mil gal. 

Fortunately, the combination of ad- 
verse conditions assumed in the design 
has not materialized during the past 
26 years. For instance, it has never 
been necessary to lower the water 
level in Cobble Mountain Reservoir as 
provided for in the contract. The co- 
operating interests have manipulated 
the outlet gates in such a manner as 
to keep the big reservoir as full as 
possible. At the same time, storage 
is provided if sudden rains cause the 
waste of water over the spillway, as 
discussed previously Owing to the 
large quantity of storage in the raw- 
water settling basin, the city can fill 
there and then close the inlet valves. 
This allows the power company part 
of a day to lower the water in the 
Intake Reservoir 16 ft below the crest 
of the overflow dam and gives the 
company 16 ft of additional storage 
without wasting city supply. 

By the terms of the present contract, 
the powerhouse and its equipment and 
transmission system on city property, 
all restored to good condition, will be 
turned over to the city in 1962. The 
city will then be in a position to exe- 
cute a new contract for power genera- 
tion. This should assure the city of a 
yearly income for financing future 
improvements. 
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Requirements of a Model Water Law 
Arthur M. Piper 


A paper presented on Jul. 13, 1959, at the Annual Conference, San 
Francisco, Calif., by Arthur M. Piper, Div. Hydrologist, USGS, 


Menlo Park, Calif. 


TATUTORY law and common 

law together seek to define both 
the acceptable extent of personal privi- 
lege and the limitations that must be 
placed on such privilege in an orderly 
society. In the field of water rights 
they are concerned with the definition 
of privilege and limitations in water 
use according to experience in various 
environments. Inevitably both forms 
of law involve compromise, and in- 
evitably they lag behind experience ; 
under the principle of legal precedent, 
the privileges and limitations they seek 
to define become absolute and rigid. 
Therein lie the causes of serious legal 
difficulties, particularly in a_ society 
and economy that are expanding so 
explosively as those of the United 
States. 

Each of the doctrines and principles 
of water law—riparian, reasonable use, 
correlative rights, prescriptive rights, 
prior appropriation, and police power 
license—was suited for the economic 
and hydrologic environment from 
which it evolved (1). With the pos- 
sible exception of police power license 
each has inherent rigidities that can 
become fallacious as the environment 
changes. Over most of the United 
States, economic aspects of environ- 
ment have changed, and are changing, 
drastically from those that engendered 
water laws. Each of the current doc- 
trines of water law can fail when 
there no longer is enough space to run 
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from an area with complex water 
problems to an area with simpler ones 
or, hopefully, none. In certain parts 
of the United States, space to run no 
longer exists. 

The physical laws of the natural oc- 
currence of water are absolute and 
timeless limitations. | Unfortunately, 
man’s knowledge of these natural limi- 
tations is incomplete and has only re- 
cently begun to approach what is 
needed to resolve current water supply 
troubles. Hydrologic knowledge has 
come long after the establishment of 
the sometimes contradictory rigidities 
of common and statutory water law. 
Contradictions between outmoded, but 
rigid, policies and the knowledge 
gained through improved hydrologic 
methods are just one more source of 
potential difficulty. 

In this situation, what are the short- 
comings of current water law? What 
philosophy of water law appears most 
advantageous in the face of known 
and prospective conditions in the 
United States? Is a uniform model 
law possible in view of the diversity 
of conditions? 


Law and Hydrology 


Existing law differentiates water 
into classes, as though each class were 
distinct in kind and for all time. The 
legal class distinctions are commonly 
contradictory to hydrologic fact—as, for 
example, with “diffuse” surface waters 
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and “percolating” ground waters. A 
very large part of the usable surface 
water supply was, at some time be- 
tween its precipitation as rain or snow 
and its collection in watercourses, 
“diffuse,” in the legal sense. Appli- 
cable law permits—sometimes forces— 
the disspiation of this water before it 
can collect into the resource that is 
becoming more and more vital to the 
expanding population and economy. 
In the legal sense, only certain ground 
waters are “percolating”; these are 
deemed in many states to be not sus- 
ceptible of control. In the hydrologic 
sense, however, nearly all ground 
waters percolate. They must, there- 
fore, be covered by water laws if such 
laws are to be effective tools for water 
management. Such fine distinctions 
in terminology and concepts would be 
of little moment in a well watered, 
sparsely populated area, but in areas 
of sparse water supply or dense popu- 
lation they can become tremendously 
significant. Any adequate water law 
must derive from a common ground 
of agreement between legal and hydro- 
logic concepts. 


Surface and Ground Water 


Hydrologically, most ground water 
bodies are functional components of 
the natural system of land drainage. 
They are replenished continually from 
the same source that generates surface 
streams—rain and snow. Ground 
water is conveyed, slowly, to streams 
and commonly is a principal source of 
dry-season runoff. A model water 
law must take this interrelation into 
account and cover both surface waters 
and ground waters under a single legal 
principle. 

Unfortunately, in contrast to this 
implied model, states that have enacted 
comprehensive ground water codes 
have usually done so years or decades 
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after the enactment of their surface 
water codes. The two codes have 
been coordinated only loosely, if at all 
Surface and ground water rights are 
commonly recorded and administered 
separately. In this situation, the 
rights of individuals in interconnected 
supplies of surface and ground water 
have often become confused. Such 
confusion is aggravated in states that 
apply different principles of law to 
surface waters and ground waters. 
For example, surface waters may be 
considered subject to public appropri- 
ation, whereas ground waters may be 
considered appurtenant to the over- 
lying land and therefore subject to 
private ownership. As pointed out by 
Hutchins (2): 

Correlation of rights is not feasible in 
a state which, for example, recognizes 
exclusive appropriation rights in surface 
streams and rights of absolute ownership 
of percolating waters. Even if such per- 
colating waters are conclusively proved 
to be physically tributary to a surface 
stream, the stream appropriator obviously 
can have no legal claim on them if they 
are held to be the absolute property of 
the overlying owner. 


Riparian Doctrine 

The essence of the riparian doctrine 
is that the right to use water is a 
property attached to and inherent in 
land that abuts on a stream or over- 
lies a ground water body. In effect, 
the usable water supply of a particular 
area is owned by certain preferred 
landowners; nonriparian owners must 
purchase a water source. 

There is an obvious hydrologic fal- 
lacy in this doctrine—that is, exclusive 
and unlimited right to use water at- 
tached to specific parcels of land can 
be real only if the water does not move 
laterally. In streams the water moves 
in an obvious way—from the jurisdic- 
tion of one riparian owner to that of 
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another. Beneath the land surface, 
most ground water moves just as defi- 
nitely, though slowly. The fallacy was 
not of serious consequence in the en- 
vironment from which the riparian 
doctrine sprang, where there was a 
humid climate coupled with a simple 
agricultural economy and a_ sparse 
population. Under those conditions 
the overall surplus in precipitation 
ordinarily insured that the limited 
water supply requirements were met 
in full. 

Under the riparian doctrine, the 
theoretical right of unlimited water 
use may become a figment in urban 
or metropolitan areas, with intensive 
agricultural development through irri- 
gation (which is expanding steadily 
even in the humid East) or with an 
intensive industrial economy. Even in 
a humid environment, large demands 
for water at the places of concentrated 
use may become mutually exclusive 
or may drastically curtail the supply 
available to riparian users downstream. 
In view of the nation’s explosive 
growth in population and in industry, 
the riparian doctrine may become un- 
tenable even in the best watered areas. 


Surface Water Appropriation 


When it applies exclusively, the ap- 
propriation doctrine affords an obvi- 
ous and practical mechanism for cur- 
tailing the use of water from streams 
or lakes whenever such use exceeds 
the total supply. Adequate records of 
the valid appropriations and of stream- 
flow are necessary, of course, but such 
records usually are available or can 
be developed. On at least two counts, 
however, the appropriation doctrine 
may greatly complicate the means to 
effective management of surface wa- 
ters. First, “grandfather” rights com- 
monly foster overly generous and in- 
efficient use of water in certain parts 
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of a basin, even while junior appropri- 
ators are forced into excessively com- 
petitive use. Second, in most basins 
in arid regions, junior appropriators 
hold valid claims to use of water that 
is available only in the wettest years. 
It is argued, with some practicality, 
that the economics of water use will 
resolve such difficulties in due course 
—that when the need is sufficient, the 
obstacles will be liquidated through 
purchase. Outright purchase seems a 
needless burden on water supply man- 
agement, however, when the real ob- 
stacle might be resolved by reasonabie 
restrictions to achieve uniform effi- 
ciency in water use within a given 
basin. A model water law must take 
these realities into consideration. 


Ground Water Appropriation 


Exclusive application of the appro- 
priation doctrine to ground water may 
seem to offer the same mechanism for 
coordinating use with supply; in actu- 
ality, however, the mechanism is far 
from effective for several reasons: 

1. When the natural regimen of a 
ground water body is changed by 
withdrawal or some other act of man, 
the effects are often obscure and slow 
to develop. 

2. Extensive hydrologic records and 
investigations are prerequisite to mon- 
itoring the behavior of a ground water 
body under use. Records and results 
of such investigations are available for 
only a few areas and for no complete 
state. Consequently, overdraft usu- 
ally escapes recognition while it is 
small. 

3. Under most existing ground 
water codes, incipient or actual over- 
draft would invoke a declaration of 
a restricted-use or critical area and 
the prohibition or restriction of addi- 
tional wells or increased withdrawals. 
Such prohibition or restriction might 
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he futile; development could be 
checked, but not necessarily its ad- 
verse effects. 

4. The causes and effects of ground 
water overdraft are not immediately 
or fully reversible. Consequently, cut- 
ting off withdrawals in the reverse 
order of their priorities of appropri- 
ation does not insure that the march 
of overdraft will be reversed. Under 
the circumstances stated all too briefly 
here, responsible officials are often re- 
luctant to invoke statutory provisions, 
under the appropriation doctrine, for 
reducing use of ground water. They 
may have either of two reasonable 
doubts: [1] that the available facts 
would suffice to sustain the adminis- 
trator in any appeal from his order 
for reduction, or [2] that the statutory 
procedure would in fact restore the 
status of the earlier appropriators. 


Weakness of Appropriation 


New Mexico has had the longest 
experience under statutes applying the 
appropriation doctrine to both surface 
water and ground water. Four exam- 
ples from that experience are enlight- 
ening (3): 

1. Under native conditions, certain 
large springs in the northern part of 
the Roswell basin acted as natural re- 
lief valves to a large body of artesian 
water. The flow from these springs 
was quickly appropriated by early 
settlers. Owing to subsequent inten- 
sive development of wells, the artesian 
head so decreased that the flow from 
individual spring orifices either ceased 
or diminished greatly. Thus, certain 
holders of the earliest surface water 
rights in the basin abandoned their 
developments. 

The artesian basin, having been de- 
veloped excessively, was closed to fur- 
ther appropriation by the state engi- 
neer- Under this action, however, 
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holders of the depreciated surface 
water rights were precluded from ob- 
taining relief by tapping the ground 
water body that had sustained those 
rights under natural conditions. Ap- 
plicable law treated surface water and 
ground water as though they afforded 
distinct and separable sources of sup- 
ply, whereas, in fact, no such separa- 
tion existed. 

2. The Pecos River Compact, which 
governs the allocation of stream waters 
between New Mexico and Texas, 
provides : 


New Mexico shall not deplete by man’s 
activities the flow of the Pecos River at 
the New Mexico—Texas state line below 
an amount which will give to Texas a 
quantity of water equivalent to that avail- 
able to Texas under the 1947 condition. 
. . . In maintaining the flows at the New 
Mexico—Texas state line required by this 
Compact, New Mexico shall in all in- 
stances apply the principle of prior ap- 
propriation within New Mexico. 


These terms pose a prospective di- 
lemma. A considerable part of the 
base flow in the Pecos River was de- 
rived, under native conditions, from 
the artesian and unconfined ground 
water bodies of the Roswell Basin. 
Ground water developments have 
greatly diminished this base flow, how- 
ever, although their ultimate effect on 
the flow of the river will not be evi- 
dent for many years to come. The 
ultimate effect may be so great that 
the flow at the state line will be dimin- 
ished to less than what it was in 1947. 
In this situation, suspension of the 
junior surface water appropriations 


probably would be ineffective, because 
in large part they do not involve base 
flow. Suspending the junior rights to 
ground water sources would, in the- 
ory, affect the river flow and _ ulti- 
mately might satisfy the terms of the 
compact. 


This remedy, however, 


& 
4 
| 


Oct. 1959 


would take effect only over a long 
time and would not offer an immediate 
solution. 

3. In an irrigated area, ground 
water development tends to concen- 
trate around the most productive wells 
and the most productive lands. Con- 
sequently, some parts of a particular 
ground water source may become too 
heavily appropriated, whereas parts 
with less desirable lands or smaller 
yields of water remain virtually un- 
touched. In the northern part of the 
Mimbres Valley, N.M., for example, 
the ground water supply has been fully 
appropriated in the vicinity of Dem- 
ing. In the southern part of that 
basin, however, considerable additional 
draft might be dispersed over an ex- 
tensive area with little detriment to 
prior appropriators to the north. At 
one time the state engineer permitted 
no further appropriations in certain 
areas of the basin, the boundaries of 
those areas having been fixed some- 
what arbitrarily, of necessity. This 
approach proved unsatisfactory, espe- 
cially near the boundaries of the des- 
ignated areas. In consequence, the 
entire basin was closed to further de- 
velopment. As of 1951, the state engi- 
neer has not developed an acceptable 
formula under which continued appro- 
priations might be permitted in areas 
of light development, even though they 
were denied in adjacent areas of opti- 
mum development. 

4. One section of the New Mexico 
statute provides that the state engi- 
neer is to determine where public 
waters are available for appropriation. 
It was under this section that author- 
ity had been assumed for closing a 
basin either in part or in whole. A 
basic question has been raised by liti- 
gants, however—that is, does the state 
engineer have authority to make such 
determinations for whole basins or 
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parts of basins, or must each applica- 
tion for a new appropriation be as- 
sessed on the merit of its individual 
situation? These are further prob- 
lems to be covered by a model water 
law. 


Police Power License 


Where administrative control of 
waters is based wholly on the police 
power, a right of use commonly is in 
the form of a term license, with or 
without an effective option of succes- 
sive renewals. Assuming that the 
policing agency is both omniscient and 
without bias, the police power doctrine 
might be acceptable in the nation’s best 
watered areas, where the available 
supply may be ample for nearly all 
conceivable uses. An applicant would 
have reasonable assurance that a li- 
cense or renewal would be issued and 
that its restrictions, if any, would not 
be onerous. At the other extreme, in 
poorly watered areas, no such assur- 
ance could exist; uncertain tenure in 
a right to the limited water supply 
might well preclude vigorous and 
stable economic development. 

Certain proposed water codes would 
combine, in a single agency, police 
power to license and authority or re- 
sponsibility to develop water resources 
on the part of the state. In the au- 
thor’s judgment, such a dual role 
would inevitably expose the agency 
to charges of bias, possibly to the ex- 
tent of compromising its integrity and 
effectiveness. These are possibilities 
that a model law cannot ignore. 


Conclusions 


Water supply facilities are becoming 
progressively more costly and more 
complex; concomitantly, those who 
develop the facilities want assurance 
that their investments can be recovered 
within the life of the developments. 
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More and more, the rational solu- 
tion for water supply stringencies will 
require concerted action by fairly large 
groups of water users who are willing 
to make mutual concessions to the 
common advantage. As the stringen- 
cies become more numerous and wide- 
spread, the interests to be compromised 
will become more diverse, and the na- 
ture of the desirable compromise may 
change substantially from time to time 
and from place to place. The author 
believes that the following concepts are 
emerging in the areas of greatest de- 
mands on water supplies: 

1, An individual’s claim to exclusive 
jurisdiction over any particular amount 
of water, to be used as he sees fit and 
then discarded, will fall to the pres- 
sures of common opinion. 

2. One principle of the appropri- 
ation doctrine—that ownership of all 
water supplies rests in the public, 
collectively—will become dominant. 
Other principles of the doctrine will 
be modified in general opinion ; appro- 
priations of water will become contin- 
gent on a use which returns the great- 
est potential advantage to the public 
at that particular time and place; and 
the rule of “first in time, first in 
right” will be modified to discontinue 
the granting of absolute priority with- 
out regard to the manner of water use. 
In other words, the appropriation doc- 
trine will become coupled to the police 
power of the state, in order to produce 
the optimum advantage to the general 
public welfare. A first step in this 
direction has been taken in the ground 
water code adopted by Oregon in 1955. 

3. Water sources and reservoir sites 
on the land surface and water sources 
and natural reservoirs beneath the 
land surface will come to be managed 
as a single supply for allocation among 
all needs. To accomplish such control 
only an agency of the utility or im- 
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provement district type, either an arm 
of government or functioning under 
governmental license and regulation, 
would appear to have the necessary 
broad competence. 

Thus, the three basic requirements 
of a model water law are: [1] that it 
afford the flexibility necessary for the 
nation as a whole effectively to manage 
its future water supplies, under rea- 
sonable but adequate checks and bal- 
ances; [2] that, in defining rights of 
individuals, it prescribe only essential 
and minimum restrictions; and [3] 
that it afford to groups of water users 
all reasonable freedom to act con- 
certedly, each conceding some part of 
its individual rights to the common 
advantage. 

In the author’s opinion, these re- 
quirements can be met by a proper 
application of selected aspects of the 
appropriation doctrine, the police 
power, and the improvement district 
philosophy. These must be coupled 
with wide education in the facts of 
hydrology. 

It is doubtful that any single statute 
would be equally advantageous in all 
the diverse water supply environments 
of the United States. A_ realistic 
model might have a uniform basic 
theme with alternatives to suit par- 
ticular environments. Drafting such 
a model is a far from simple task. 
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New Aqueduct for the East Bay Municipal 
Utility District 


James W. Trahern 


A paper presented on Jul. 13, 1959, at the Annual Conference, San 
Francisco, Calif., by James W. Trahern, Mgr., Design Eng. Div., East 


HE East Bay Municipal Utility 
District of Oakland, Calif., is the 
second largest domestic water utility 
west of the Mississippi River in num- 
ber of consumers. It is the sole dis- 
tributor to a 228 sq mi area contiguous 
to the eastern shore of San Francisco 
Bay. The population of the service 
area is approximately 1,000,000. The 
average consumption within the area 
was 145 mgd for the past year. 

The service area is developing rap- 
idly, and the district’s water use has 
increased greatly. It is now nearly 
three times as large as it was in 1940. 
Rapid development of the area is ex- 
pected to continue for many years, and 
a rapid increase in water use will ac- 
company the development. To meet 
the anticipated increase, the District 
is now engaged in making a firm plan 
for the construction of additional fa- 
cilities for storage, transmission, and 
distribution, together with related fa- 
cilities for pumping, filtration, and 
power generation. Arrangements have 
been completed for financing the plan 
to the extent of $283,000,000. All of 
the work connected with the plan is 
scheduled to be committed for con- 
struction in several stages during the 
coming 8 years. The Third Moke- 


lumne Aqueduct, which is the subject 
of this article, is one of the features 
of the construction program. 
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Description of Aqueduct 


The new aqueduct will be an 87-in. 
ID pipeline 81 mi long. Its capacity 
will be 100 mgd gravity flow and, with 
pumping, ultimately will become 170 
mgd. It will be subjected to hydro- 
static heads ranging up to 520 ft. If 
it should be constructed of steel pipe, 
approximately 110,000 tons of steel 
will be used. The cost of the com- 
pleted line will be about $60,000,000. 

The aqueduct will extend from the 
district’s main source of supply at 
Pardee Reservoir in the foothills of 
the Sierra Nevada, across the San 
Joaquin River Valley, and will termi- 
nate at Walnut Creek within the dis- 
trict’s service area. It will parallel 
two existing aqueducts and will sup- 
plement them. With the addition of 
this new line and its pumping facilities, 
the capacity of the aqueduct system 
will increase from 180 to 350 mgd. 

The new aqueduct will be con- 
structed in trench for a distance of 69 
mi and will have a nominal earth 
cover of 4 ft. It will be supported 
aboveground on pile foundations and 
steel bents for a distance of 11 mi. It 
will cross three large rivers. It will 
be equipped with vacuum valves calcu- 
lated to prevent its collapse in the 
event of rupture of the line, and to 
expel air to permit filling at the rate 
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of 30 mgd. It will be equipped with 
two automatic wasteways, strategically 
located. In the event of a major rup- 
ture of the aqueduct, these wasteways, 
activated by a change in hydrostatic 
pressure, will divert water from the 
line to locations where the discharge 
will do no damage. 


Service Resources 


In connection with the planning of 
a major construction project, an ex- 
amination of resources available to 
supply and service the project can be 
useful. Proper consideration of such 
resources may well point the way to 
a sound design that will permit various 
manufacturers and contractors to bid 
under favorable competitive conditions. 
Fortunately, substantial resources are 
available to serve the district’s aque- 
duct project. 

Three major steel producers nor- 
mally serve the local area where the 
aqueduct will be constructed. Each 
of two of them is able and anxious 
to furnish all the steel required. 

Three manufacturers of steel pipe 
and two manufacturers of concrete 
pipe, all large companies with a great 
deal of experience in their fields, will 
compete for the job of supplying the 
pipe. Any one of these manufacturers 
could supply all the pipe needed within 
a reasonable period of time. 

A large number of general con- 
tractors, well fortified with necessary 
equipment and experience, are inter- 
ested and available to install the pipe. 
There is no concern over the matter 
of securing competitive bidding for this 
part of the work from well qualified 
firms. 

For constructing the pile founda- 
tions to support the 11 mi of elevated 
pipeline, several well qualified local 
firms will undoubtedly submit competi- 
tive proposals. 
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There will be no problem in secur- 
ing miscellaneous materials and equip- 
ment, such as concreting materials, air 
and vacuum valves, and plug valves. 
All of these facilities are available at 
competitive prices through local mar- 
keting agencies. 

There has been extensive construc- 
tion of large pipelines on the Pacific 
Coast during the last decade. As a 
result, local industry has become well 
organized and equipped to proceed 
with such projects. Firms from out- 
side the local area may also be at- 
tracted to compete for the work con- 
nected with this very large job. 


Project Planning 


A study of the resources available 
to serve the aqueduct project has 
brought attention to the possibility of 
including several alternative designs of 
pipe and of pipeline joints in the calls 
for bids. This will permit a substan- 
tial number of manufacturers and con- 
tractors to compete for the work. The 
following procedures have been se- 
lected to serve to stimulate competi- 
tive bidding and to obtain quality 
construction : 

1. Only those types of pipe which 
have been used successfully on major 
water supply projects in the past will 
be acceptable for use. A high-quality 
pipeline can be constructed if the types 
of pipe used are limited to those for 
which there is a substantial history of 
successful service. 

2. All types of pipe that qualify for 
use under the provision stated above, 
and in addition appear to be competi- 
tive from the standpoint of cost of the 
project, will be included in the specifi- 
cations for the construction. The cost 
of the pipe will amount to about 70 
per cent of the total cost of the con- 
struction. It is essential to stimulate 
competition for this part of the work. 
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3. For the purpose of calling for 
bids, the total work has been divided 
into several units. Each of the units 
will amount to a multimillion-dollar 
contract, large enough to attract the 
larger firms. Bids for the various 
units of work will be called at intervals 
in the scheduled construction period 
as plans and specifications are com- 
pleted. Under this procedure, the 
work can be started earlier than if the 
call for bids were postponed until de- 
signs and specifications for the entire 
project could be completed. 

4. Each construction contract will 
call for both the furnishing of the pipe 
and the installing of the pipeline. This 
will provide opportunities to use the 
amounts bid for completed sections of 
the aqueduct as a basis for awarding 
the contracts. Competitive bidding 
under this plan, by which pipe manu- 
facturers quote to, and are paid by, 
installing contractors, is proving to be 
vigorous. 

5. The construction time for the 
aqueduct has been scheduled at 3.3 
years. Several pipe manufacturers are 
in a position to service the entire proj- 
ect within such a period. Also, sev- 
eral construction firms are in a posi- 
tion to service the entire project in 
that time. Under this arrangement 
and with proper spacing of calls for 
bids, it is expected that good com- 
petitive bidding will be maintained 
throughout. 

6. Three basic types of pipe will be 
included as alternatives in the specifi- 
cations: [1] portland cement—mortar- 
lined and -coated steel pipe (Type S). 
[2] modified prestressed-concrete cyl- 
inder pipe (Type M); and [3] pre- 
stressed-concrete pipe (Type C). 
Other types of pipe that would pro- 
duce a high quality job are available. 
They have not been selected for inclu- 
sion as alternatives because it does not 
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appear that they would be economi- 
cally competitive. 


Type S Pipe 


Type S pipe will consist of a steel 
cylinder lined with portland cement 
mortar, wrapped with a circumferen- 
tial steel reinforcing bar under meas- 
ured tension, and coated with port- 
land cement mortar. The mortar lin- 
ing will be ? in. thick and the coating 
will cover the reinforcing rod } in. 
Of the total steel in the pipe wall, 80 
per cent or more will be contained in 
the steel cylinder, and 20 per cent or 
less in the reinforcing bar. 

The pipe will be designed to sup- 
port the internal pressures resulting 
from hydrostatic head and the external 
loads arising from earth cover and live 
loads. The calculations used to deter- 
mine the thickness of the steel cylin- 
der and the size and spacing of the cir- 
cumferential bar reinforcement will be 
based on a definite relationship be- 
tween the stresses in these steel com- 
ponents. This relationship requires 
that the tensile stress in the bar ex- 
ceed the tensile stress in the cylinder 
by the difference between the mini- 
mum yield stresses of the two types 
of steel. Because of this relationship, 
the two steel components will reach 
their yield stresses simultaneously 
under internal pressure load. The 
pipe will be designed so that the in- 
ternal pressure that will produce yield 
stresses in the steel will be equal to 
2.25 times the working pressure. 

The thickness of the steel cylinder 
and the quantity of reinforcing rod 
will generally vary with the hydro- 
static head to which the pipe will be 
exposed in service. An exception to 
this principle will be at locations where 
the hydrostatic head is less than 280 ft. 
At these locations external loads will 
govern the design of the pipe, and it 
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will contain more steel than is re- 
quired to support internal pressures. 

A further requirement for the de- 
sign of the pipe will limit the strain 
that may be produced in the wall by 
internal pressure. This requirement 
will serve to prevent damage of the 
mortar lining and coating that would 
result from excessive deformation. 
The change in stresses in the steel 
components of the pipe produced by 
working pressures will not exceed 
20,000 psi. 

The safe external load will be taken 
as the computed buckling load for a 
combination of the steel rod and steel 
cylinder acting compositely, without 
regard to the mortar lining and coat- 
ing. Tests of this pipe have shown 
that the pipe wall will be several times 
stiffer than would be indicated by the 
moment of inertia of a composite sec- 
tion through the rod and cylinder. 
Thus, the factor of safety against buck- 
ling of the pipe under external loads 
should be satisfactory. 

Tests of Type S pipe have also dem- 
onstrated that the pipe wall is several 
times as stiff as is the wall of a steel 
cylinder having an equivalent weight 
of steel per foot of length. Therefore, 
less steel will be required in the pipe, 
where lower hydrostatic heads prevail 
and where external loads dictate the 
design, than would be required for a 
steel cylinder pipe not equipped with 
rod reinforcement and mortar lining 
and coating. The economy in the use 
of steel that will result from the use 
of Type S pipe, as compared to 
unreinforced-steel cylinder pipe, will 
be very substantial. 

Specifications for Type S steel cyl- 
inders permit the use of either ASTM- 
A-283 Grade C steel plate with a mini- 
mum yield stress of 30,000 psi or API 
Grade X-42 steel plate with a mini- 
mum yield stress of 42,000 psi. The 
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specifications also require the use of 
ASTM-A-15 hard-grade steel rod with 
a minimum yield stress of 50,000 psi 
for the reinforcing rods of the pipe. 
With this combination of steel compo- 
nents, pipe for the new aqueduct will 
both meet the design criteria and use 
steel very efficiently. A-283 steel can 
be used at locations where lower hy- 
drostatic heads are encountered and 
thus where buckling loads govern de- 
sign; X-42 steel, at a premium price, 
can be used to advantage where the 
higher hydrostatic heads are encoun- 
tered and internal pressures govern. 
The design of this pipe will require 
only about 80 per cent of the steel that 
would be required by the usual design 
of unreinforced-steel cylinder pipe. 


Type M Pipe 

The construction and the criteria 
for the design of the Type M pipe will 
be the same as those for the design of 
Type S pipe, with the following 
modifications : 

1. Of the total steel in the wall of 
Type M pipe, 40-80 per cent will be 
included in the steel cylinder, 20-60 
per cent will be included in the re- 
inforcing bar. 

2. Only ASTM-A-283 Grade C steel 
plate with a minimum yield stress of 
30,000 psi will be used in manufac- 
turing the steel cylinders of Type M 
pipe. 

As a result of these modifications, 
Type M pipe will have a lighter steel 
cylinder and a heavier bar reinforce- 
ment than will the Type S pipe, and, 
because of conditions in the pipe in- 
dustry, Type M pipe will be supplied 
by firms engaged in the manufacture 
of concrete pipe, whereas Type S pipe 
will be supplied by firms engaged in 
steel fabrication. 

Except for the modifications of de- 
sign criteria previously explained, all 
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that has been said herein about Type S 
pipe also applies to Type M pipe. The 
total quantity of steel required for the 
project will be about the same with 
Type M as with Type S pipe. 


Type C Pipe 

Type C will have four principal 
components : 

1. A welded-sheet steel cylinder 

2. A core consisting of the sheet 
steel cylinder embedded in a concrete 
cylinder 

3. Reinforcement consisting of high— 
tensile strength wire, wound helically 
on the outside surface of the core at 
a predetermined tensile stress 

4. A coating of dense concrete cast 
against the outside surface of the core. 

The pipe will be manufactured in 
conformance with AWWA C301 with 
a few modifications. The internal 
bursting pressure for the pipe will be 
three times the magnitude of the 
working pressure. The pressure that 
produces zero compression in the core 
will be not less than 1.25 times the 
magnitude of the working pressure. 
The design of the pipe will be such as 
will prevent the occurrence of tensile 
stresses in the core under any specific 
combination of external static trench 
loads and internal operating pressures. 


Field Girth Joints 


Although double-weld, bell-and- 
spigot girth joints have been used ex- 
tensively in the past in the construc- 
tion of large-diameter steel pipelines, 
consideration is now being given to 
the use of single-weld, bell-and-spigot 
girth joints. Recent bids on large- 
diameter pipelines in the Pacific Coast 
area have indicated a significant eco- 
nomic advantage in the use of rubber 
gasket girth joints for joining pipe sec- 
tions in the field, as compared to the 
use of double-weld lap joints. 


EAST BAY AQUEDUCT 


1221 


Tests of the single-weld, bell-and- 
spigot girth joint to determine its ten- 
sile strength were recently arranged 
for by the district and prosecuted by 
a local steel fabricating firm. The test 
results indicated that single-weld, bell- 
and-spigot girth joints, on large- 
diameter steel pipe, support bulkhead 
loads produced by internal pressures 
that stress the pipe circumferentially 
to the ultimate strength of the steel. 
Furthermore, as failure at the joint 
results from rupture of the steel plate 
rather than from failure of the weld, 
the tests indicated that a second weld 
would not have increased the tensile 
capacity of the joint. 

In the specifications for the aque- 
duct, single-weld, bell-and-spigot girth 
joints will be included as an alterna- 
tive to rubber girth joints for Type S 
pipe only, whereas rubber gasket girth 
joints will be specified without alter- 
natives for Type M and C pipe. The 
steel cylinders for Type S pipe are 
thick enough, and, therefore, strong 
enough, to support an adequate tensile 
joint, whereas the steel cylinders for 
Type M and C pipe are too thin. 
Where constructed with rubber gasket 
girth joints, the hydraulic forces due 
to changes in alignment of the pipeline 
will be supported by concrete anchors. 
Where constructed with welded girth 
joints, these forces will be supported 
by the pipeline itself. 


Backfill 


Excessive deflection of the types of 
pipe specified for the aqueduct is apt 
to rupture the mortar and concrete 
components. It is essential that the 
backfill provide for the development 
of substantial side support for the pipe 
at small deflections. The specifications 
for the aqueduct will require that if 
the excavated material is not suitable 
for backfill, imported backfill will be 
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placed properly around the pipe from 
the bottom of the trench up to the 
springline of the pipe. This imported 
backfill will be a granular material 
that passes definite sieve requirements. 
In order to prevent the pipeline from 
being forced out of shape while the 
trench is being backfilled, the specifica- 
tions will require that the pipeline be 
bulkheaded and filled with water under 
a minimum hydrostatic head of 50 psi 
during backfilling operations. 


Bid Experience 

On Jun. 12, 1959, bids were opened 
for the construction of a unit of the 
aqueduct. Bids on this unit, which is 
approximately 34 mi long, ranged 
from $15,000,000-$18,000,000. All 
ten bids received were based on the 
use of Type S pipe. Three bids were 
based on the use of rubber gasket girth 
joints, one was based on the use of 
both welded and rubber gasket joints, 
and six were based on the use of field- 
welded girth joints. A comparison of 
the bids indicated vigorous competi- 
tion for the work between materials 
suppliers and also between installing 
contractors. 

All of the bids that were submitted 
were based on the use of the same type 
of pipe from the same source of sup- 
ply. It is not true, however, that com- 
petition between the various pipe 
manufacturers for the business of 
supplying the pipe was unsatisfactory. 
It is known that both steel and con- 
crete pipe manufacturers engaged in 
a serious competitive contest for the 
work. In the end, a manufacturer 
of steel pipe submitted the lowest 
quotation. 

In order to evaluate the bids re- 
ceived, the low-bid cost of this unit 
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of the aqueduct has been compared 
with the cost of 50 other major pipe- 
line construction projects in the west- 
ern part of the United States. For 
this comparison an index was used, 
consisting of the cost per foot of length 
per inch of inside diameter of pipe- 
line. The index as calculated for the 
aqueduct proved to be about 85 per 
cent of the norm for the other projects. 


Conclusion 


It is believed that the procedures 
described in this article will result in 
a significant overall economy in the 
construction of the aqueduct. Al- 
though the pipe that is to be used is 
sufficiently rigid to require special care 
in backfilling, the designs permit the 
use of a minimum quantity of steel. 
With rigidity resulting from the mor- 
tar lining and reinforced-mortar coat- 
ing of Type S and M pipe, the require- 
ments for supporting external loads on 
the pipe can be met with very little 
steel in excess of that required to sup- 
port internal pressures. 

The alternative types, lengths, and 
designs of pipe sections, which will be 
incorporated in the specifications for 
the aqueduct, should permit each con- 
tractor to bid under his most favorable 
competitive condition, and high-quality 
construction at fair prices is antici- 
pated. The East Bay Municipal Util- 
ity District was gratified by the result 
of the first call for bids. 
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Development of the Upper Colorado River 


Ernest O. Larson 
A paper presented on Jul. 13, 1959, at the Annual Conference, San 


Francisco, Calif., by Ernest O. Larson, Regional Dir., Region 4, US 


LEN CANYON Dam is the larg- 

est concrete dam now under con- 
struction in the United States. Larger 
in volume of concrete than Hoover 
Dam and almost as high, it will be one 
of the highest dams in the world and 
will create the second largest reservoir 
in the United States. The Glen Can- 
yon power plant will be one of the ten 
largest in the United States. Esti- 
mates indicate that at present price 
levels it will cost about $325,000,000 
to build the Glen Canyon Dam and 
power plant. With its large storage 
capacity and power plant, the Glen 
Canyon storage unit is the key to the 
future development of the Upper Colo- 
rado River Basin, 

The program for development and 
use of the water resources of the Up- 
per Colorado River Basin, at an esti- 
mated cost of about one billion dollars, 
is truly basinwide. Public Law 485, 
authorizing the Colorado River storage 
project and participating projects, was 
signed by President Eisenhower on 
Apr. 11, 1956. Authorized for con- 
struction as the initial phase were four 
storage units, of which Glen Canyon 
is the principal unit, and eleven partici- 
pating projects for water to be used 
for the irrigation of farm land and for 
municipal and industrial expansion. 


History 


The Upper Colorado River Basin 
is a plateau land in the heart of the 


Bureau of Reclamation, Salt Lake City, Utah. 


1223 


intermountain West, including the 
southwestern portion of Wyoming, the 
western half of Colorado, the eastern 
half of Utah, the northwestern corner 
of New Mexico, and a small section 
of northeastern Arizona (Fig. 1). 

The Upper Basin has been a dry and 
formidable area. It has been late in 
exploration and, up to now, slow and 
limited in settlement and development. 
Early pioneers largely avoided the area 
in their treks westward. For the most 
part, the Colorado and Green rivers 
in the upper basin were not explored 
and mapped until 1869 when John 
Wesley Powell made his famous river 
trip through the deep, winding canyons. 

Mining activities on the fringes of 
the Upper Basin marked the early his- 
tory. Later, stock raising and irriga- 
tion of the bottom lands along the 
streams came to predominate. Where 
it could be done easily, streams were 
diverted and used for irrigation, but 
on a small scale. Two large and suc- 
cessful projects were built by the Bu- 
reau of Reclamation prior to World 
War I, but since that time only three 
relatively small irrigation projects have 
been undertaken. By comparison, else- 
where in the seventeen western states, 
the Bureau of Reclamation built many 
large and important projects after 
1920. 

By 1940, the 110,000-sq mi Upper 
Colorado River Basin, which is about 
the size of the states of Illinois and 
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Wisconsin combined, had only four 
cities of more than 5,000 population ; 
Grand Junction, Colo., with a popula- 
tion of 12,500, was the largest. 


Resource Development 


The Upper Colorado River Basin 
has many resources awaiting develop- 
ment and use. During and following 
World War II, there has been con- 
siderable development of uranium, va- 
nadium, coal, oil, gas and other min- 
eral resources. But this only the fore- 
runner of the much greater progress 
that is expected to take place when the 
Colorado River storage project and 
participating projects are built. 

The Upper Colorado River Basin 
is rich in resources. It has the water 
of its rivers. It has canyons with 
potential dam sites, where water can 
be stored and hydroelectric power 
produced. It has lands that can be 
farmed under irrigation. It has petro- 
leum, natural gas, and about one-third 
of the nation’s known coal reserves. 
It has vast areas of oil shales and rare 
hydrocarbons. It has the raw mate- 
rials to supply many strategic metals. 
It has uranium and other atomic ores. 
It has mountains of phosphate rock for 
fertilizer production and other needed 
nonmetallic ores. 

The key to the development and use 
of these land and mineral resources is 
the availability of water and power. 
The Upper Basin program will make 
available the needed water and a siza- 
ble block of the needed power under 
a long-range plan in which all re- 
imbursable costs will be repaid by the 
beneficiaries with interest on all but 
those costs allocated to irrigation. 
The costs allocated to irrigation do 
not bear interest under federal recla- 
mation law. Approximately 98 per 
cent of the billion-dollar estimated cost 


ERNEST O. LARSON 


Jour. AWWA 


of the presently authorized works will 
be reimbursable and about 66 per cent 
will be repaid with interest. 


Colorado River Compacts 


The rights of the Upper and Lower 
basins to the use of Colorado River 
water are set forth in the Colorado 
River Compact of 1922, which is a 
complex document that cannot be dis- 
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cussed in detail here. By the subse- 
quent Upper Colorado River Compact 
of 1948, the Upper Basin states (Colo- 
rado, New Mexico, Utah, Wyoming, 
and Arizona) divided among them- 
selves the water allotted the Upper 
Basin under the 1922 compact. The 
Upper Basin’s right to 7,500,000 
acre-ft per annum under the 1922 com- 
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pact approximates one-half the average 
flow at Lee Ferry in northern Ari- 
zona, the dividing point between the 
Upper and Lower basins. The Upper 
Basin’s right is conditional to the de- 
livering of a base flow to the Lower 
Basin of 75,000,000 acre-ft at Lee 
Ferry in consecutive 10-year periods. 

Because the virgin flows of the Colo- 
rado River at Lee Ferry are erratic 
and vary annually from as little as 
5,500,000 acre-ft to as much as 
25,000,000 acre-ft, large holdover stor- 
age reservoirs must be built if the 
Upper Basin states are to be able to 
make full use of their right to the 
residual, or the erratic half of the flow. 


Storage Project 


This explains the initial authoriza- 
tion of four storage units of the Colo- 
rado River storage project. They are 
the Glen Canyon unit on the Colorado 
River in Arizona and southern Utah, 


the Flaming Gorge unit on the Green 
River in northeastern Utah and south- 
western Wyoming, the Navajo unit on 
the San Juan River in northern New 
Mexico and southern Colorado, and 
the Curecanti unit on the Gunnison 


River in western Colorado. Holdover 
storage in the large storage reservoirs 
thus will make possible new diversion 
and beneficial consumptive use of 
water on the participating projects 
taking water from tributary streams 
throughout the Upper Basin. In addi- 
tion, the hydroelectric-power plants at 
the storage dams will produce power 
to help meet pyramiding regional needs 
and to provide revenues from power 
sales which will assist in the repay- 
ment of the costs of the entire program. 

The significance of the storage units 
in the Upper Basin development is 
clearly evident. Therefore, construc- 
tion of the storage units was begun 
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first. Construction of Glen Canyon 
Dam on the Colorado River near Lee 
Ferry was started late in 1956, and it 
is scheduled for completion and the 
first production of power probably in 
1963. At the Glen Canyon Dam site, 
the diversion tunnels are now com- 
pleted, and the river is diverted. 
Work is underway on the foundation 
excavation and on the erection of the 
highline cableways, concrete batch 
plant, aggregate plant, and other fa- 
cilities so that the first concrete can 
be placed early this fall. Glen Canyon 
Reservoir will store 28,000,000 acre-ft 
of the 35,000,000 acre-ft of storage 
provided by the four initially author- 
ized storage units. The Glen Canyon 
Power Plant will provide 900,000 kw 
of installed generating capacity of the 
nearly 1,200,000 kw at the four stor- 
age units. 

Prime contracts were awarded in 
June 1958 for the construction of two 
other storage units—namely, the Flam- 
ing Gorge Dam on the Green River 
in northeastern Utah near the Wy- 
oming state line and the Navajo Dam 
on the San Juan River near Farming- 
ton, N.M. 

Flaming Gorge Dam will be a 
concrete-arch dam about 500 ft high 
with a power plant of 108,000 kw of 
installed capacity. The reservoir cre- 
ated by the dam will store almost 
4,000,000 acre-ft. At the present time, 
the heavy road construction at the dam 
site has been completed, the single 
diversion tunnel has been excavated 
and is now being lined with concrete, 
and the river will be diverted in Sep- 
tember 1959. The total cost of the 
Flaming Gorge unit will be about 
$65,000,000. 

Navajo Dam will be a tremendous 
earth and rockfill structure. With 
26,300,000 cu yd in the embankment, it 
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will be the second largest to be built 
by the Bureau of Reclamation. About 
5,000,000 cu yd of materials have now 
been placed. The Navajo storage unit 
will cost about $42,000,000 and will 
store more than 1,700,000 acre-ft of 
water. 

Construction of the Curecanti stor- 
age unit, consisting of three dams and 
power plants on the Gunnison River in 
western Colorado, is scheduled to be 
undertaken in near future years. 

Construction was begun on two of 
the eleven authorized participating 
projects this year. The eleven au- 
thorized participating projects, when 
completed, will provide supplemental 
water supplies for 232,000 acres of 
presently irrigated land that is short 
of water nearly every year. It will 
also supply water to about 115,000 
acres of dry land. Irrigation of new 
lands, however, is not scheduled for 
several years. The authorizing legis- 
lation earmarked 25 additional partici- 
pating projects for study as to feasi- 
bility. In future years and as de- 
mands arise, such projects could bring 
about the irrigation of more than 
1,000,000 acres of supplemental and 
new land areas. In addition, plans 
for the participating projects will in- 
clude, where needed, the supply of 
water for municipal and industrial 
development. 


Project Authorization and Terms 


The plan and authorization of the 
Colorado River Storage Project is dif- 
ferent from the usual water resource 
development plan. It was planned as 
an integrated, long-range basinwide 
program in close cooperation with 
state and local interests, the Upper 
Colorado River Commission, and the 
federal agencies concerned. Funda- 
mentally, the large storage units of 
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interstate significance will be operated 
and maintained by the Bureau of Rec- 
lamation, in accordance with the 1922 
and 1948 compacts. Individual par- 
ticipating projects are to be operated 
by water user organizations with the 
use of the water governed by state 
laws and the compacts. 

The authorizing act has several sig- 
nificant and unique provisions which 
are worthy of mention. There is au- 
thorized a separate fund in the Treas- 
ury of the United States to be known 
as the Upper Colorado River Basin 
Fund for carrying out the reclamation 
provisions of the act. The Congress 
makes appropriations into the basin 
fund and all income from the irriga- 
tion, municipal, and industrial water 
users, from the sale of power, from 
other minor sources, is credited to the 
basin fund for repayment of reimbur- 
sable costs. Annual reports are re- 
quired to be submitted to the Congress 
detailing the expenditures from the 
fund and the anticipated revenues into 
the fund to show that the repayment 
plan is currently solvent. The act also 
provides for the apportionment among 
the upper basin states of surpluses 
accruing in the Colorado River Basin 
Fund to be available for appropriation 
by the Congress for the construction 
of additional projects. 

The act provides that the Secretary 
of the Interior is authorized and di- 
rected to investigate, construct, oper- 
ate, and maintain public recreation fa- 
cilities and facilities to mitigate losses 
of, and improve conditions for, the 
propagation of fish and wildlife. Funds 
appropriated for these purposes are 
to be nonreimbursable. By this pro- 
vision, recreational development on 


reclamation reservoirs becomes a fully 
recognized benefit of local and nation- 
wide significance. 
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The program for the Upper Colo- 
rado River Basin was planned and au- 
thorized, and is now being carried out, 
as a long-range, coordinated develop- 
ment which will give the Upper Basin 
states the opportunity to make full use 
of their shares of the waters of the 
Colorado River. It is a plan that per- 
mits the development and use of water 
for all purposes, now and in the future, 
as circumstances change and needs 
evolve. 


Expected Benefits 


The benefits to the upper basin 
states and to the nation will probably 
surpass anything that can be predicted 
with certainty—for such has been the 
history on other federal reclamation 
programs. Some of the benefits which 


can be anticipated are: 
1. Water to supplement the present 
scant supply which retards the growth 
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of many areas in the Upper Basin, 
and, when appropriate, water for new 
lands, to produce food to meet the 
needs of both an increasing population 
and a higher standard of living. 

2. Crops from irrigated land to 
create a better balance in the use 
of ranges by providing winter feed, 
thereby increasing the carrying capac- 
ity of range lands without destructive 
overgrazing 

3. The growing of a variety of crops 
needed by the region and the nation 

4. The creation of irrigated oases in 
the desert, which will serve as centers 
for industrial development 

5. The making available of water 
for industrial expansion and future 
population growth 

6. Power for remote parts of the 
region to develop valuable minerals 
and other resources now virtually 
untouched. 


ay 

: 


Location and Development of Ground 
Water Supplies 


Paul J. Kleiser 


A paper presented on Feb. 5, 1959, at the Indiana Section Meeting, 
French Lick, Ind., by Paul J. Kleiser, Cons. Engr., Kleiser & Assocs., 


Terre Haute, Ind. 


HERE was a time, not too many 
years ago, when location and de- 
velopment of ground water supplies 
were relatively simple in Indiana. If 
a municipality or industrial firm needed 
more water, a well driller merely put 
down a hole at a location convenient 
for the owner and usually got the de- 
sired quantity of water. Today the 
problem is not quite so simple. 
Indiana towns, cities, and industries 
have been expanding so rapidly in re- 
cent years that in many places the 
water demand is becoming greater than 
the available supply. Although test 
holes are still the safest and most reli- 
able means of securing information, the 
cost of drilling test holes has so in- 
creased that this method is of ques- 
tionable economy in areas where 
ground water is scarce. Consequently, 
ground water development experts 
have taken a few lessons from the oil 
industry and are now making rather 
extensive use of other methods of lo- 
cating and developing underground 
water. 


Geologic Data 


In spite of all the new developments, 
however, the basic starting point in all 
such work is a careful study of the 
general geology of the area. Geologic 
studies of the underground conditions 
in Indiana have been made by many 
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agencies, and a considerable amount 
of information is available. In recent 
years USGS and the Indiana Division 
of Water Resources have been compil- 
ing a detailed inventory of under- 
ground data from reports of well drill- 
ers, engineers, municipal officials, and 
any other likely sources. These agen- 
cies have also established a number of 
stations in Indiana where measure- 
ments of the water table are regularly 
made. A State Department of Conser- 
vation publication (7) probably con- 
tains the most comprehensive compila- 
tion of data on ground water condi- 
tions in Indiana that has yet been 
grouped in one volume. If similar 
statewide publications were brought 
up to date and made available, it would 
be a thing of great service to all water 
supply men. Ground water resource 
bulletins, prepared by the State De- 
partment of Conservation and USGS 
and covering several counties, are also 
available; these volumes represent 
many hour of work in compiling the 
data. 


Well Records 


After geologic data have been gath- 
ered, the next step is to get all avail- 
able data from any existing wells in the 
area. If there are a number of wells, 
and if proper records are available, 
this information can be quite valuable. 
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Unfortunately, the records of many 
of the existing wells in any particular 
area are often either lost or incorrect. 
In the past many drillers have even 
regarded the log of a well as personal 
property—to be destroyed rather than 
given to a competitor or a_ public 
agency. Fortunately, this attitude is 
changing, and fairly accurate informa- 
tion is now being obtained. It is very 
likely that most states will pass laws 
in the near future requiring drillers 
to furnish logs, together with forma- 
tion samples and records of produc- 
tion tests. Until that time arrives, 
however, one has to depend upon the 
reliability and good faith of well 
drillers. 

All available well records must be 
studied to determine the elevation of 
the water table, the depth and thick- 
ness of water-bearing formations, the 
chemical quality of the water, and the 
quantity produced when the well was 
originally drilled and at the present 
time. If any abandoned or unproduc- 
tive water, oil, or gas wells are located 
in the area, their records can also be 
of value. 


Electric Logs 


Considerable information about un- 
derground conditions can be obtained 
from an electric log, and at relatively 
little expense. Electric logs were de- 
veloped and first used by petroleum 
and gas ~ompanies. In recent years 
these methods have been used by water 
well drillers for underground explora- 
tions. The basic principle of electric 
logging is the measurement of two 
electrical quantities, electrical resist- 
ance and electrical potential. The elec- 
trical resistance of most formations is 
determined entirely by the chemical 
nature of the water in the formations 
penetrated. Naturally, the electrical 
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resistance varies appreciably from one 
formation to another in a drill hole. 

The equipment for making resist- 
ance measurements is relatively simple. 
It consists essentially of an electrode 
attached to an electric cable which is 
lowered into the drill hole by means of 
a reel or hoist. The upper end of the 
cable is connected to a recording in- 
strument at ground surface. The 
cable passes over a calibrated pulley 
which drives a strip chart upon which 
the resistance measurements at various 
depths are automatically recorded. 
The measurements are made in ohms, 
which are the basic unit of electrical 
resistance. 

Potential measurements, if desired, 
can be made with the same recording 
equipment. A voltmeter is connected 
in the circuit between the electrode in 
the drill hole and a ground iron set at 
the ground surface. Measurements 
are made in millivolts (0.001 v) and 
are recorded simultaneously with re- 
sistances on the same strip chart. 

Light-weight, portable field units are 
available that are capable of logging 
wells 500 ft deep or less. The entire 
unit with cable weighs less than 100 
Ib and can be set up in a few minutes. 
No outside source of power is needed, 
as the unit contains its own batteries. 

Correlation of resistance and poten- 
tial measurements with water quality 
and with water-bearing formations 
requires experienced judgment and 
should be done only by persons fa- 
miliar with such analyses. The rela- 
tionships may be very distinct and 
easily recognized, or they may not be 
so readily apparent. 

An electric log cannot, obviously, be 
made in a cased hole. The equipment 
can only be used in a rock hole or in 
a well drilled by methods that do not 
require the use of metal casing. 
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The value of electric logging was 
well illustrated at Staunton, Ind., 
where attempts were being made to 
develop a public water supply system 
for the community. The geologic and 
available well data were very discour- 
aging. The few existing wells in the 
area were about 200 ft deep in rock 
formations that yielded very little 
water. Fortunately a copy of an elec- 
tric log of a well drilled in the area 
some years before by an oil prospecting 
firm was available. A study of the log 
indicated that there were no important 
water-bearing formations in the area 
but that there were possibly numerous 
small quantities of water in the various 
sandstones scattered through the drill 
hole. It was suspected that a compara- 
tively deep hole might serve to gather 
all these small sources of water into a 
sufficient quantity for a reasonably de- 
pendable supply for a town the size 
of Staunton. Fortunately the suspicion 
was confirmed. It was only necessary 
to drill one hole to locate sufficient 
water, but that hole was 380 ft deep. 
Without the assistance of the electric 
log, considerable money could easily 
have been wasted in drilling 250-ft test 
holes, which was the greatest depth 
previously penetrated for a source of 
water supply. After the well was com- 
pleted an electric log was made of the 
uncased portion of the hole. This log 
substantiated the information obtained 
from the electric log of the oil well 
and showed that small quantities of 
water were being obtained from at 
least twelve different places in the 
sandstone. 


Seismic Method 


When there are no available wells or 
bored holes in the area, modern pros- 
pectors make use of either seismic or 
electrical-resistivity methods for locat- 
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ing ground water formations. In re- 
cent years the electrical-resistivity 
method has become much more popu- 
lar than the seismic method. 

The seismic method measures the 
velocity of a wave instigated by an im- 
pact on the ground or the explosion of 
a small charge of dynamite buried be- 
neath the surface. A simplified field 
setup for seismic determinations re- 
quires the placing of an explosive in a 
6-ft shot hole and distributing the seis- 
mometers or detectors at equal inter- 
vals in a straight line from the shot 
point. The spacing is determined by 
the character of the subsurface mate- 
rial and by the depth to be investigated. 
The most satisfactory results are ob- 
tained with instruments that have 
twelve or more detectors. Vibrations 
pass slowly through loosely compacted 
material, and more rapidly through 
dense material. 

When the shot is fired in the shallow 
shot hole, the vibration waves move 
out in all directions, forming a curved 
wave front. At the instant that the 
wave front reaches the seismometer 
closest to the shot hole, the instrument 
is at a point tangent to the wave front, 
and is oscillated. At the same instant, 
the wave front also reaches a point 
beneath the shot point approximately 
the same distance as that between the 
first seismometer and the shot point. 
This relationship is true throughout 
the line of seismometers. It follows, 
therefore, that if the seismometers 
were all placed so that they were 
equidistant from the shot point, and 
in a circle, the arrival times of the 
curved wave front at each seismometer 
would be simultaneous. On any sur- 
vey, this configuration is usually du- 
plicated numerous times at various 
locations to determine the average 
velocities of the top, or first, material 
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encountered. The arrival times of the 
wave front are measured in thou- 
sandths of a second. These times are 
plotted on a time-distance chart against 
their corresponding distances from the 
shot point, and the velocities and 
depths of velocity changes are com- 
puted and correlated with known geo- 
logic conditions. 

The seismic method is a good one 
for locating depth of rock, but it has 
generally been superseded in the Mid- 
dle West by the electrical-resistivity 
method for the location of test well 
sites. 


Electrical Resistivity 


The electrical-resistivity method has 
two important advantages over the 
seismic method in water prospecting : 
[1] it is considerably less expensive, 
and [2] it comes closer than other 
methods to giving direct hydrologic 
information, because it depends largely 
on the electrical conductivity of the 
ground water itself. The important 
feature of electrical-resistivity 
method is that the coarse and clean 
materials, such as sand and gravel, 
offer higher resistance when saturated 
than do saturated fine-grain materials 
such as silt and clay. Another feature 
which is not quite so important in Indi- 
ana is that by this method salt water 
can be readily detected and located. 

Briefly, the resistivity method con- 
sists of driving of four stakes cen- 
tered on a given spot, with the stakes 
equally spaced along a straight line. 
An electric current is passed between 
the two outer stakes and the voltage 
drop across the two inner stakes is 
measured directly on an instrument 
reading in ohm-centimeters of appar- 
ent resistivity. Generally speaking, the 
spacing of the stakes is approximately 
the same as the depth to which the 
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readings are taken. This procedure is 
repeated until the entire area under 
investigation is covered. The field 
work is not difficult and an experienced 
crew of two men can usually make 
about twelve depth profiles per day, 
covering 25 acres. The data obtained 
are initial readings known as “apparent 
resistivities.” From these data a re- 
sistivity map of the area may be pre- 
pared. This is similar to a topographic 
contour map of the ground surface ex- 
cept that the resistivity readings indi- 
cate underground formations. The in- 
terpretation of the data is extremely 
important and requires a capable and 
experienced analyst to translate the 
information. A few illustrations bear 
out this point. A layer of dry sand at 
ground surface makes the method 
almost useless ; this is particularly true 
in some areas in northwestern Indiana 
near Lake Michigan. A layer of 
water-bearing sand and gravel near the 
surface may screen out a good water- 
bearing formation below it or confuse 
the results. Limestone bedrock gives 
much the same kind of reading as sand 
gravel deposits and may-also confuse 
the results. Thus the _ resistivity 
method has real value only when inter- 
preted by an expert with ample 
experience. 

By correlating the data obtained 
from a resistivity survey with other 
known data, usually with just one test 
hole in the area, an expert can select 
the most desirable locations for wells. 
This procedure eliminates to a very 
great extent the blind, haphazard drill- 
ing of numerous test holes. 


Formation Samples 


The next step in a location program 
is the drilling of test wells to locate 
the best water-bearing formation and 
to determine the quality and quantity 
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of water that can be produced. Selec- 
tion of the type of drilling is deter- 
mined by cost, type of information 
desired, and particularly by the accu- 
racy of formation data desired. In the 
commonly used and inexpensive cable 
tool method of drilling, a pipe is driven 
into the ground and bailed samples are 
obtained. In the jet, or hollow-rod, 
method of drilling, a pipe is driven into 
the ground to obtain washed samples. 
The rotary method of drilling does not 
drive any pipe, and hence an electric 
log can be run to remove some of the 
subjectivity in estimates of the quality 
of a formation. The washed or bailed 
samples should give a reasonable pic- 
ture of the formation if studied by a 
skilled operator. Unifortunately, well 
drillers do not have a uniform stand- 
ard or code for describing formations 
and a great deal depends upon the in- 
terpretation of each particular driller. 
Cored samples, which can be obtained 
by all three methods of drilling, give 
the most accurate information on the 
formation. Upon completion of the 
test well or wells, the driller should 
furnish a true set of formation sam- 
ples, a complete log of the well, pump- 
age data, and water samples for chemi- 
cal analysis. 


Value of Electrical Methods 


The value of electrical-resistivity 
surveys was demonstrated quite clearly 
when a large aluminum company de- 
cided to build its new plant in the 
vicinity of the Ohio River. One would 


naturally assume that ground water. 


would be no particular problem right 
on the Ohio River, but the preliminary 
investigations indicated that it would 
not be an easy matter to obtain ground 
water at the rate of 20,000 gpm. The 
plant’s ultimate total requirement of 


PAUL J. KLEISER 


Jour. AWWA 


both ground and surface water was to 
be 200,000 gpm. General geologic and 
old well drillers’ records were very dis- 
couraging, and a resistivity survey was 
made as the first step in the program. 
It was soon learned that the property 
available for the plant was practically 
devoid of ground water. The only 
area that had any possibility of yielding 
such a large quantity of ground water 
was a narrow band less than 500 ft 
wide along the bank of the river, and 
the higher-yield sections of this band 
were not too numerous. The resistiv- 
ity data were further substantiated by 
the drilling of three test holes and nine 
pilot holes. Observations of the pilot 
wells and one pumped test well indi- 
cated that wells of 1,500 gpm could 
safely be obtained with a spacing of 
200 ft. Expert analysis also indicated 
that 2,500-gpm wells with 100-ft spac- 
ing could be depended on as a maxi- 
mum program if needed. It is obvious 
that the cost of this survey was far 
less than the cost of drilling the many 
6-in. test holes or 2-in. prospect holes 
it would take to cover 600 acres. Fur- 
thermore, a few successful test holes 
alone would not have revealed the 
limited areas of good water-bearing 
formations. 

From the foregoing example one 
can readily see why electrical methods 
are assuming more and more impor- 
tance in ground water location proce- 
dures, particularly where ground water 
is difficult to locate. 


Development 


In the matter of ground water de- 
velopment, on the other hand, there 
have been no startling new advances 
in recent years. Many of the wells in 


Indiana are finished in sand and gravel 
As is well known, the 


formations. 
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selection of the proper screen size is 
extremely important in such areas, and 
this is where the reliability of forma- 
tion samples is put to the test. Each 
sample is passed through a series of 
sieves and the percentage of the total 
sample retained on each sieve is plotted 
against each sieve opening size. The 
resulting graph is known as a sand 
analysis curve and is used to determine 
the optimum screen opening. 

There are several methods of inter- 
preting sand analysis data for the de- 
sign of well screens. If a well driller 
is not equipped to make an interpre- 
tation he may send the sand analysis 
curves to any one of several manufac- 
turers of well screens, and these agen- 
cies will make the interpretation and 
recommend the proper screen design. 
Better results are usually obtained, 
however, if the analysis is performed 
by, or under the direct supervision of, 
an engineer or geologist who is fa- 
miliar with the sampling techniques 
of the drillers under his control. In 
this way he is better able to judge 
the representative quality of the sam- 
ples and temper his recommendations 
accordingly. 

The same procedure generally holds 
true for gravel-walled wells. Such 
wells have their greatest usefulness in 
fine-sand formations, and the sand 
analysis data are important in the se- 
lection of the proper size of gravel to 
provide the most effective screening 
of sand and still permit the develop- 
ment of the maximum quantity of water 
from the formation. 

The next step is to run an aquifer 
performance test to determine how 
much water can be produced by a 
properly constructed well during a dry 
period, and to determine generally how 
many wells will be required for a given 
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yield, and what their spacing should 
be for most economical operation. 


Aquifer Performance 


The aquifer performance test setup, 
in its simplest form, consists of a 
pumping well with two pilot wells lo- 
cated 50 ft and 100 ft away from the 
pumping well. This combination usu- 
ally gives the best results with the least 
expense. The pumping well is oper- 
ated for perhaps 12-72 hr. The water 
level in the pilot well is measured for 
perhaps 24 hr before the pumping test 
is begun and for a while after it is 
terminated. 

If a large quantity of water is re- 
quired, or it is necessary to determine 
the amount of infiltration from a 
nearby stream or lake, a more elabo- 
rate pattern of pilot wells may be re- 
quired. Such a pattern might include 
as many as 6-8 pilot wells spaced 
around the pumping well up to dis- 
tances of several hundred feet. The 
pattern of placement should be so 
specified—by the hydrologist who is 
to interpret the results of the pumping 
test—that maximum results may be 
obtained from the investment in the 
test. 

The duration of the test is affected 
by the nature of the underground for- 
mation. If there is an artesian condi- 
dition, in which the water level actu- 
ally stands above the top of the forma- 
tion, then a 12-hr pumping test might 
be sufficient. If, however, the water 
level stands within the formation, then 
a test as long as 72 hr may be required. 
In an artesian well, the development 
of a cone of depression requires only 
a pressure change, which is almost 
instantaneous. When a well is pumped 
under water table conditions, the de- 
velopment of the cone of depression 
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requires actual removal of the water 
above the cone, and the time required 
to remove the water is much greater. 

A competent hydrologist can take 
the data from a pumping test and de- 
termine the amount of water that can 
be pumped continuously from a given 
site for perhaps 100 days without rain- 
fall. He can also compute interfer- 
ence between wells and the best spac- 
ing of wells for a given production. 


Quality and Treatment 


After a source of ground water has 
been found, it is important to make 
pilot plant tests of the water in order 
to determine the best method of water 
treatment to be used. Such tests are 
particularly valuable in the matter of 
iron and manganese removal. For in- 
stance, in the development of a new 
water supply well for the city of 
Frankfort, Ind., pilot plant tests proved 
conclusively that the pressure aeration 
process would be successful and this 
process was used in the final design 
of the well. The final design meant a 
material saving over the standard open 
aeration process of iron removal. It 
is of interest to note that four of nine 
recently designed iron removal plants 
did not require the open aeration proc- 
ess for satisfactory iron removal. 
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It is well known that the detention 
period after aeration is a prime factor 
in the removal of manganese and hy- 
drogen sulfide gas. Pilot plant tests 
can determine quite accurately what 
the optimum detention period should 
be. This was very well demonstrated 
in a project at Goodland, Ind., where 
it was found that aeration alone was 
not successful in reducing the hydro- 
gen sulfide content to a_ tolerable 
amount. Pilot plant testing showed 
the best combination of aeration and 
detention needed to reduce the hydro- 
gen sulfide content enough that chlo- 
rination would then give water of a 
satisfactory quality. 

Another point that should be 
brought out is that the problem of well 
location must always be considered in 
terms of its sanitary aspects—particu- 
larly that of proximity to sources of 
surface pollution. The Department of 
Health of Indiana has established cer- 
tain standards to be used as safe- 
guards and these standards should be 
followed where possible. 


1. Ground Water in Indiana. Publication 
No. 133, Indiana Department of Con- 
servation, Indianapolis, Ind. (1935). 
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Survey of Water Use and Rate Structures 
at Bethlehem 


—-Eli Schwartz, Francis M. Brady Jr., and Sidney Silver— 


A contribution to the Journal by Eli Schwartz, Assoc. Prof. of Fi- 
nance; Francis M. Brady Jr., Asst. Prof. of Accounting; and Sidney 


N the fall of 1957, the city officials 
of Bethlehem, Pa., consulted one of 
the authors regarding the organization 
of a survey team to study the opera- 
tion of certain aspects of the city’s 
water department. Much of the mate- 
rial that follows has been taken from 
the report of that survey. 

The objectives of the survey were: 


1. To test the adequacy, efficiency, 
and comprehensiveness of the billing 
lists 

2. To obtain comparisons of con- 
sumption and average billings from the 
domestic water users billed on a flat- 
rate basis and those on a metered basis 
(approximately one-third) in order to 
analyze the rate structure and, more 
important, in order to project water 
consumption and sewage capacity needs 
for the future 

3. To analyze and review the finan- 
cial position of the water department 

4. To study the adequacy and equity 
of the prevailing rate structure. 

The authors believe that the data 
resulting from the study of water con- 
sumption patterns are of general inter- 
est and usefulness. For this reason, 
the greater part of this article is con- 
cerned with the presentation of these 
data; the detailed recommendations 


relating to other phases of the survey 
are summarized. 
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Recommendations Based on Audit 


The main purpose of the water bill 
audit was to determine whether every 
user of city water was on the billing 
lists and if all commercial users were 
on metered rather than flat-rate bill- 
ings. The audit consisted basically of 
a comprehensive check of the water 
billing lists against the city directory, 
tax rolls, and recent building permits. 

In view of the rapid growth of the 
city in the past 7 years, the mobility 
of the population, the complexity of 
street geography, and the multiplicity 
of building construction and placement, 
the audit revealed fewer errors and 
discrepancies than might have been ex- 
pected. The survey team did, how- 
ever, make several recommendations 
to strengthen control and to obtain 
greater efficiency by placing more in- 
formation and control in the hands of 
the supervisor of the central billing 
system. The most important of these 
suggestions was that the supervisor be 
provided with a list of building permits 
and new building inspections. Space 
was provided for entering the amount 
and time of the county assessment and 
the time when each building was occu- 
pied and began using water. These 
lists would then be used as an auto- 
matic check for the speed with which 
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new construction was placed on the 
water billing lists. 

The second major aspect of the 
study consisted of an analysis of cur- 
rent costs and revenue and of a projec- 
tion of future fiscal operations of the 
city water department. It was deemed 
desirable to obtain information on the 
characteristics and patterns of con- 
sumption among different types of 
users and their average water bills 
under the existing rate system in order 
to move toward a more equitable rate 
structure. This last aspect of the 
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mated increases in repair and mainte- 
nance costs, increased debt service 
charges, and repayment of borrowings 
from the general fund. 

It was pointed out that if revenues 
were raised sufficiently to cover all 
forecasted costs and to repay the inter- 
fund debt in approximately 5 years, it 
might be possible that the water de- 
partment would eventually generate a 
slight surplus. It was believed, how- 
ever, that any such surplus should be 
considered minimal in the light of the 
city’s high investment in the water de- 


TABLE 1 
Extract From Study of 75 Randomly Selected Second Meter Readings, October 1958 


Usage 
in Household No. 8 


Time Between Projected 


Usage During 
Readings Yearly Usage Previous Year 
1,000 gal 


days 


One 592: 3,180 
Two 401 
1,771 
258 
862 
450 
593 
292 
310 
455 
821 
246 
954 


42 
42 
47 
41 
41 
41 
41 
42 
42 
40 
55 
45 
40 


study involved the use of a detailed 
sampling and survey technique. 


Fiscal Analysis 


An important part of the report on 
the operations of the Bethlehem Water 
Department consisted of a forecast of 
revenues and expenses for the future. 
Because all of the survey suggestions 
have not yet been implemented, de- 
tailed data on the fiscal position cannot 
be presented in this article. In gen- 
eral, the report recommended fairly 
substantial rate increases to cover esti- 


partment facilities and capital plant. 
To some, the question of repayment 
of an interfund debt may appear to be 
only of bookkeeping consequence. A 
significant proportion of water users 
are outside the city limits of Bethle- 
hem, however. To the extent, there- 
fore, that the general fund supports 
deficits in the water department, the 
citizens of Bethlehem are granting a 
subsidy to outlying districts. 

It was obvious that the Bethlehem 
rate structure would have to be shifted 
upward because of increased costs, 
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but a detailed analysis and a survey of 
water consumption patterns were made 
in order to determine a more produc- 
tive and equitable rate structure. 


Survey Techniques and Results 


It seems that no comprehensive sur- 
vey of household water consumption 
patterns has been made since the mid- 
1930’s (1). For this reason, it may 
be of some interest to discuss the sam- 
pling technique in detail. 


Procedure 


Blocks of 20 cards were selected at 
random from both flat-rate and meter 
rate billing lists. In the initial sample 
there were 1,465 meter users and 1,526 
flat-rate consumers. The samples 
were large enough to provide adequate 
geographical coverage. The sampling 
crew obtained information on the num- 
ber of households in each building, the 
number of people in each household, 
the number of children of less than 3 
years of age, the number of automatic 
household appliances (clotheswashers 
or dishwashers), and lawn size (mini- 
mum, suburban, large). At metered 
households, a meter reading was taken. 

From the record books maintained 
by the water department, the annual 
consumption for the various types of 
metered households was recorded. As 
a test, a month after the original meter 
reading was made, a second reading 
was taken of 75 accounts selected at 
random from the original sample. An- 
nual water consumption was then esti- 
mated for these accounts and compared 
with the average consumption of the 
major metered sample of 1,342 users 
(Table 1). The results of this check 


(Table 2) vary by only 1.0 per cent 
from the major sample, which con- 
firms the accuracy of the water depart- 
ment records. 


This check was con- 
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sidered necessary because it is cus- 
tomary in Bethlehem to estimate water 
consumption for the record books over 
long periods. Also, as will be ex- 
plained below, the minimum-use level 
is still fairly high in Bethlehem, and 
it was possible that meter readers 
might not consider it important to 
make accurate periodic readings. 
Whenever there were wide discrepan- 
cies between consumption derived from 
the record books and the ordinary 
range of annual consumption because 
of adjustments for underestimates of 


TABLE 2 


Summary of Results of Study of 75 Second 
Meter Readings, October 1958 


Avg Annual No. of 
8 Resi- 
Source of Data -| dents 
per 
Per Per family 
Capita | Family Family 
Meter books for 1,342 
households 18,414 | 59,495 3.23 
Projections from actual 
readings of 75 households | 18,542 | 58,875 3.17 


prior years, the accounts were deleted 
from the major sample. Of this group 
ot 423, 89 were later rechecked with 
a second meter reading giving the ac- 
tual consumption for the month of Oc- 
tober. (October may be considered 
an average month for water use; 
whenever the actual consumption for 
October was extended to an annual 
basis, the estimated annual consump- 
tion fulfilled the expected norms for 
the type of household concerned.) 
The results of this test established fur- 
ther proof of the accuracy of the large 
sample. 


Meter Rate and Flat-Rate Bills 


A comparison of the average annual 
water bills of 1,526 flat-rate house- 
holds and 1,342 meter rate households 
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(Table 3) indicated that the average 
flat-rate user paid 41 cents more per 
capita, or about $3.43 more per house- 
hold, than did the meter users. Both 
these figures are net of discount, but 
include meter rentals. The household 
sizes on the flat-rate sample were some- 
what higher on the average, however, 
which caused a slight upward bias in 
the average flat-rate household bill. In 
general, flat-rate consumers paid 8.2 
per cent more per capita than the meter 
users, although it is likely that they 
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characteristics. Although this is not 
a strictly invariant relationship, it 
seems applicable to Bethlehem, given 
a minimum that exceeds the average 
use in 86 per cent of the metered 
households. 

As average household size varies in 
each category, and the number of bill- 
ings in each frequency class were too 
small to be reliable, a cross-category 
comparison would not be too useful. 
The estimate of total consumption 
should be quite reliable, however. 


TABLE 3 


Comparison of Domestic Flat-Rate and Meter Rate Water Bills 


| Avg | Avg wd Avg 
| No. of . Bie | Total | Billing | Avg No. of Annual | annual 
| pani No. of | No. of | Billing : 7 sage 
Ini Billings | Net | pe | Residents Usage 
Type of Unit | “in Resi- Billing House- | | oper pes per 
| Sample | olds dents $ hold | ~— | House- — Capita 
| | hold | gal gal 
Flat-Rate Sample* 
Apartment houses 44 | 93 | 271 | 1,147.20| 12.34 | 4.24 2.91 
Private homes 1,433 1,433 | 5,248 | 28,706.80) 20.03 5.47 3.66 
Total 1,477 1,526 | 5,519 | 29,854.00) 19.57 5.41 3.62 
| | | | 
Meter Rate Samplet 
Apartment houses 154 395 927 3,580.93 | 9.09 3.88 | 2.34 43,542 18,661 
Private homes 947 947 3,409 | 18,076.10 19.01 5.29 | 3.59 66,150 18,376 
Total 1,101 1,342 4,336 | 21,657.03 16.14 5.00 3.23 59,495 | 18,414 


* Average bill per account, $20.21. 
+ Average bill per account, $19.69. 


used less water. This assumption was 
borne out by a comparison of the 
household characteristics of the flat- 
rate and metered sample groups. A 
greater percentage of flat-rate house- 
holds fell into those classifications 
which rank lower in domestic water 
demands. This method of analysis was 
also used to estimate total water use 
in all flat-rate households, as shown in 
Table 4. Table 4 is constructed on 
the assumption that flat-rate house- 
holds consume water at the same rate 
as metered households with the same 


In spite of somewhat higher esti- 
mated household consumption of the 
meter rate group and the somewhat 
lower rate the meter group pays as an 
average on annual bills, the survey 
group recommended no changes in the 
relative rate structure between these 
two groups. 


Factors in Water Use 


For the purpose of estimating pres- 
ent domestic water consumption among 
the flat-rate users and for the purpose 
of projecting domestic water demands 
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for the future, a survey was made of 
the various household characteristics 
and the effects of these characteristics 
on consumption patterns. The data 
obtained conforms quite closely to the 
results of other surveys made previ- 
ously on a considerably smaller basis 
(1). It is likely, however, that this 
survey contains the most up-to-date 
and comprehensive data on this prob- 
lem, and it is hoped that it will prove 
useful not only to water departments 
but also to sanitary engineers for the 
projection of future demands on the 
capacity of sewage treatment plants. 

An attempt has been made to isolate 
the effects of three major characteris- 
tics on household water consumption : 
[1] water-using appliances (automatic 
clotheswashers and dishwashers) ; [2] 
the lawn size of the property; and [3] 
the number of children less than 3 
years old in the household. In order 
to present the results properly it was 
also necessary to eliminate the effect 
of household size so that each house- 
hold size class or frequency could be 
analyzed separately. The effects of 
household size on water consumption 
are presented separately in Table 4. 
Each of the 898 households making up 
the sample has been so analyzed that 
it can fall in one and only one cross- 
classification. Each of the three major 
factors under consideration was origi- 
nally presented so that its effect on 
water consumption could be studied in 
isolation. It should be cautioned that 
in each table presented, although the 
average water consumption for each 
subgroup does give some basis of com- 
parison with the next subgroup, it car- 
ries some degree of distortion due to 
the possible weighting of disparate 
household sizes in each subgroup aver- 
age. A more valid base for compari- 
son is probably obtained by taking the 
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change in consumption averages for the 
major frequency classes. 


Effect of Appliances 


Table 5 gives the effect of automatic, 
water-using appliances on water con- 
sumption. In almost every major 
classification, and certainly in every 
comparison involving frequency classes 
of fifteen or more, water-using appli- 
ances indicated increased water con- 
sumption. It would appear that each 


TABLE 4 


Total Estimated Usage of Flat-Rate Users 
Projected from Stratified Samples 


in ‘City mit/gal 
Minimum lawn 
no appliances 5,157 282.8205 
one appliance 2,145 147.7855 
two appliances 103 13.1976 
Suburban lawn 
no appliances 3,342 194.1809 
one appliance 2,176 139.0774 
two appliances 303 30.1013 
Large lawn 
no appliances 168 9.8890 
one appliance 182 14.3274 
two appliances 56 4.9314 
Totals 13,632 836.3108 


appliance adds about 10,000-20,000 gal 
to the annual household use. 


Effect of Lawns 


For purposes of analysis, each 
household was classified into three 
arbitrary categories. Minimum lawns 
included houses having no lawn or 
houses with approximately 400 sq ft 
or less. Suburban lawns are of larger 
size and usually found in the newer 
area of the city. The final category, 
large lawns, belongs to those houses 
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which occupy more than normal lot 
sizes. These are houses on country or 
estate lots. The effects of lawns on 
water consumption could not be de- 
fined precisely by the sample (Table 
6). However, if we make comparisons 
between the frequencies with the 
larger number of observations, the 
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households containing children of less 
than 3 years of age, but the number of 
households in this group was unfortu- 
nately too small to draw any clear-cut 
conclusions as to children’s effect on 
household water consumption. In gen- 
eral, it would seem that the number of 
children under three in any given 


correlation is generally positive. On household size may have a very slight 


TABLE 5 
Effects of Appliances on Annual Household Usage* 


No Appliances One Appliance | Two Appliances 
No. of 
eee wes Avg Avg | Change in Avg Increase in 
Household | No. in Annual No. in Annual Avg Usage | No. in Annual Avg Usage 
Sample Usage Sample Usage From No Sample Usage Over One 
1,000-gal 1,000-gal | Appliances | 1,000-gal Appliance 
Minimum Lawns 
1 10 44.7 | 
39 39.7 13 50.2 +10.5 
3 38 53.6 18 62.5 +8.9 } 
4 38 58.5 17 55.7 —2.8 
5 18 64.5 10 80.0 +15.5 
6 10 74.6 7 102.3 +24.7 
Suburban Lawns 
1 15 25.8 5 28.6 +2.8 
2 79 45.9 66 53.0 +7.1 
3 56 57.3 70 61.6 +4.3 9 89.8 28.2 
4 57 65.0 74 74.3 +9.3 20 93.6 19.3 
5 26 64.2 40 82.3 +18.1 8 137.6 55.3 
6 6 69.4 15 73.5 +4.1 6 105.7 32.2 
Large Lawns 
2 | 12 58.4 11 60.1 +1.7 
3 9 83.6 
4 7 74.6 17 76.3 +1.7 5 98.6 22.3 


* 898 households; only major frequencies are compared in this schedule. 


the whole it would seem that the sub- negative effect, if any, on household 
urban lawn increases average annual water use. Because the other schedules 
household water consumption by about are much easier to read and analyze 
3,000-5,000 gal. if the classification of children under 
: three is eliminated, and because the 

Effect of Children effect of the age of children on house- 
The original schedules presented hold consumption is negligible, the 
data using the cross-classification of final, condensed version of the con- 
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sumption schedules (Table 7) is pre- 
sented without this classification. 


Effect of Household Size 


Table 8 demonstrates the effects 
of household size on water consump- 
tion. It would seem quite obvious that 
water consumption per household goes 
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three people is 20,400 gal, but the 
average annual per capita use in a five- 
person household is 16,100 gal (7). 


Rate Structure Study 


An essential part of the survey was 
an analysis of the metered consumption 
patterns on the rate for the 1-in. and 


TABLE 6 
Effects of Lawns and Appliances on Annual Household Usage* 
Minimum Lawns Suburban Lawns Large Lawns 
Avg Avg Avg Usage Avg Avg Usage 
Household | No. in Annual No. in Annual From No. in Annual Over 
Sample Usage Sample Usage Minimum | Sample Usage Suburban 
1,000-gal 1,000-gal Lawns 1,000-gal Lawns 
1,000-gal 1,000-gal 
No Appliances 
1 10 44.7 15 25.8 —18.9 
2 39 39.7 79 45.9 +6.2 12 58.4 12.5 
3 38 $3.2 56 57.3 +4.1 
4 38 58.3 57 64.4 +6.1 7 74.6 10.2 
5 18 64.6 26 59.2 —5.4 
6 10 74.6 6 82.7 +8.1 
One Appliance 
2 | ss | | @ 330 +2.8 | 11 60.1 7.1 
3 18 | 62.5 | 70 61.6 —0.9 9 83.6 22.0 
4 17 $32}. 7 74.3 +18.6 17 76.2 1.9 
5 12 74.2 | 40 82.3 +8.1 5 117.6 35.3 
6 7 102.3 | 15 73.5 — 28.8 | 
Two Appliances 
‘ee | | | | 
4 20 | 93.6 5 | 8.6 5.0 
| | 


* 898 households; only the major frequencies are compared in this schedule. 


up as household size increases, but it smaller pipe sizes. Not only does this 


should be noted that it does so at a 
decreasing rate—that is, because some 
considerable part of domestic water use 
is common or joint, the average use 
per capita goes down as household size 
increases. Thus the average annual 
use per capita in households containing 


group provide the largest amount of 
revenue of all metered water users, 
outside of the steel company, but be- 
cause the community will eventually 
be completely metered, the rate sched- 
ule and revenue patterns of this group 
will be extended to the present flat-rate 
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users. Thus frequency distributions 
and statistical charts were set up for 
various classes of users in this group 
(Tables 7 and 8). 

The original frequency distributions 
showed that both the greatest number 
of users and the largest amount of 
revenue collected came from the quar- 
terly billings of both private homes 
and apartment houses of four units or 
less. 

The present rate structure for the 
l-in. pipe size is set at: [1] $0.21 per 
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private homes and about 50 per cent 
of the smail apartments do not use 
96,000 gal a year, which really means 
that the average family in Bethlehem 
pays for more water than it actually 
uses. Moreover, one of the functions 
of a metered rate system is to encour- 
age the conservation of water in excess 
of necessary minimum consumption. 
Obviously, if the minimum level is set 
well above the average household use, 
there is no encouragement to conserve 
water ; rather there is a positive incen- 


Annual Usage of Various Household Sizes* 


| 
| Portion of 


Household No. in Sample in Usage per 
Size | Sample Household Household 
| Size 1,000-gal 


Avg Annual 


1 | 3 3.79 33.1 
2 228 25.39 49.5 
3 | 207 | 23.05 61.2 
12.81 80.6 
6 | 49 5.46 | 88.3 
\i 2.34 99.0 
2 0.22 81.5 
0.33 | 83.3 
10 2 | 0.22 118.5 
| 
12 4 0.11 | 66.0 
13 | 1 0.11 59.0 


Portion of 


Total Usage 
a | Total Usage of Sample 
P1,000-gal | 1,000-gal in Household 
} 


Size 
| 


33.1 1,127 1.94 

| 24.7 11,278 19.42 
20.4 12,672 | 21.82 

| 17.6 16,543 | 28.48 
16.1 9,268 15.96 

14.4 4,329 7.45 

| 14.1 2,079 3.58 
| 10.2 163 0.28 
9.3 250 0.43 
11.8 237 | 0.41 
5.5 66 0.11 
4.5 59 | 0.10 


* Domestic, quarterly metered accounts; sample of 898 households. 


1,000 gal for the first 192,000 gal of 
annual use; [2] a charge of $0.13 per 
1,000 gal per year thereafter; and [3] 
a minimum allowance of 96,000 gal 
per year, for which a minimum gross 
bill of $20.04 (or a net bill of $17.04) 
must be paid. 

In analyzing water use patterns 
among the largest class of water users 
—that is, small apartments and domes- 
tic homes—it soon becomes apparent 
that the 96,000-gal minimum is too 
high. More than 82 per cent of the 


tive to use water until the minimum is 
actually reached. 

In considering the establishment of 
a minimum, two other factors come 
into play. First, the minimum exists 
to help spread some of the overhead 
costs of the water plant. Every user 
connected to the mains represents a 
potential drain on capacity. The water 
is available for his use whether he 
takes a full share or not. Therefore, a 
minimum charge represents an equit- 
able way to help spread the costs of 
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maintaining a plant of a certain capac- 
ity for a multitude of users. Second, 
the minimum level should be set high 
enough that no household will be in- 
hibited from using an amount sufficient 
to assure a decent standard of sanita- 
tion and health. 

After all factors had been consid- 
ered, it was decided to recommend a 
minimum for 1-in. pipe sizes of 48,000 
gal per year. This should be an ade- 
quate minimum consumption for the 
average Bethlehem household. About 
35 per cent of all metered private 
households presently use no more than 
this amount, and about 32 per cent of 
all domestic quarterly accounts (pri- 
vate homes and apartment houses con- 
taining less than four households) use 
48,000 gal per year or less. It should 
be pointed out that lowering the mini- 
mum will require more attentive and 
complete meter readings on the part 
of the route man. It will probably ne- 
cessitate an expansion in the staff of 
meter readers. 

In setting up a new rate schedule 
for the 1-in. pipe sizes, the problem 
was to raise an equitable share of reve- 
nue from this group, equal to the per- 
centage to be raised from other classes 
of users, and at the same time allow 
for the lowering of the minimum. It 
was suggested that this could be done 
by raising the initial rate on water 
used by a considerable amount and 
also dropping the quarterly minimum 
water gallonage from 24,000 to 12,000 
gal. This would bring about a sub- 
stantial increase in total revenue from 
this group, although many of the 
smaller users would actually find their 
annual bills reduced. 

As a matter of fact, all those me- 
tered consumers presently using less 
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than 54,000 gal per year (about 45 
per cent of the private homes) would 
find their net annual water bills re- 
duced under the suggested rate struc- 
ture. Moreover, the average private 
household bill (average consumption 
around 60,000 gal per year) would 
show only a nominal rise over the pres- 
ent rates. The comparison charts of 
other cities showed that the new aver- 
age annual household bill (at 60,000 
gal per year) would still be a good deal 
less than that of any other Pennsyl- 
vania city in the sample (Table 10). 


Future Water Use 


Using the data and analyses from 
this survey, a rough forecast may be 
made of water demands in the future. 
If, for the next decade or so, a 15 per 
cent growth in the total number of 
households is predicted, a 50 per cent 
increase in the number of households 
with automatic clothes washers, and 
perhaps a 500 per cent increase in the 
present number of automatic dish- 
washers, and if the trend toward sub- 
urban lawns and higher incomes con- 
tinues, the total annual household 
water consumption in Bethlehem may 
well amount to 2.1 bil gal per year by 
1970. (This may be compared to 
the present household consumption of 
about 1.3 bilgal; the growth fore- 
casted in family household use is thus 
approximately 60 per cent.) The ca- 
pacity of the Bethlehem water system, 
owing to the foresight of the city offi- 
cials, will be able to meet such an in- 
crease in demand. 
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Development and Status of Physical Standards 
for Plastic Pipe 


Raymond J. Faust 


A paper presented on Jun. 29, 1959, at the National Congress of En- 
vironmental Health (sponsored by the National Sanitation Founda- 
tion), Ann Arbor, Mich., by Raymond J. Faust, Secretary, AWWA, 


New York, N.Y. 


ECAUSE of the diligence and 

foresight of leaders in the plastics 
industry, many of the industry’s prob- 
lems have been solved, and those that 
remain are being attacked directly and 
vigorously Some mistakes were made 
in the early years of the development 
of plastic material for the water sup- 
ply field and the plastics industry was 
the first to admit it- The objectives 
of the Society of the Plastics Industry 
(SPI) and those who chart its course 
are deserving of great respect. 


AWWA Siandards 


In order to explain the position of 
AWWA on the issue of the develop- 
ment of standards for plastic pipe, it 
is necessary to describe briefly the na- 
ture and purpose of AWWA stand- 
ards. AWWA now has 60 standards 
for various water utility materials and 
equipment. These standards, devel- 
oped and revised by committees com- 
prised both of users and of manufac- 
turers, have done much to bring the 
water supply field to maturity. 

AWWA standards are used widely 
and with a great deal of confidence. 
They are sound to the point of being, 
perhaps, a bit conservative, but they 
insure protection and security to user 
and manufacturer alike. AWWA 
feels that the integrity of its standards 
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must be diligently guarded if they are 
to continue to provide this protection. 
Thus the Association is hesitant about 
preparing standards for new materials 
until those materials have met certain 
tests. First, AWWA insists that the 
product or material covered by a 
standard must be available from more 
than one firm or outlet—that is, it 
cannot be a patented item. Second, 
the item must have a satisfactory rec- 
ord of performance in the field. Nor- 
mally, 5 years of field experience is 
considered the minimum. With these 
principles as guides, AWWA has al- 
ways been conservative in the devel- 
opment of new standards and has not 
wished to spend time and energy on 
the development of standards for items 
that may not have a future or that 
have not yet been fully tried and tested. 


AWWA and Plastic 


For the reasons outlined above, 
AWWA is not prepared to write 
standards for plastic pipe and fittings 
at this time. The Association is ac- 
tively interested in the application of 
new materials to the water industry— 
including plastic materials—and_in- 
tends to keep abreast of all such new 
developments. Although AWWA has 
no plans at present to develop its own 
standards for plastic pipe and fittings, 
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it is happy to be represented on the 
ASA and ASTM committees pres- 
ently engaged in writing such stand- 
ards and to keep its members informed 
on plastic pipe through articles in the 
JOURNAL. 

When information on the materials 
used in the manufacture of plastic pipe 
and fittings for water service is more 
complete and the record of field use 
has beeen securely established, then 
AWWA may very well produce its 
own standards—if the need is apparent. 

This description of AWWA’s stand- 
ards policy with regard to plastic pipe 
may lead some to believe that the As- 
sociation is deliberately holding back 
and has no faith in the future of plas- 
tics in the field. Nothing could be 
farther from the truth. Officially, the 
AWWA Board of Directors has au- 
thorized representation on ASA and 
ASTM committees that are preparing 
standards for plastic pipe and fittings 
and has also authorized the establish- 
ment of an AWWA committee on 
plastics) And the Board has main- 
tained a lively interest in these 
projects. 


Early Problems 


As far as internal standardization 
is concerned, the plastics industry, in 
trying to solve its many problems in 
the water supply field, was at the out- 
set faced with three vexing problems: 
[1] establishing that plastics could be 
used without risk to health, [2] stand- 
ardizing the dimensions of pipe and 
fittings, and [3] improving the physi- 
cal and chemical properties of the sev- 
eral plastics in use. 

It was immediately apparent that 
the public health aspects of the use of 
plastics for conveying potable water 
had to be studied and that a “clean bill 
of health,” recorded by a reputable 
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laboratory, had to be given before 
health authorities would accept the 
material for use. It was obviously the 
duty of the plastics industry to estab- 
lish the proof, and this it did in 1953 
by enlisting the aid of the National 
Sanitation Foundation (NSF). The 
results of its 2-year study were re- 
ported widely and the results have 
been accepted completely. Few peo- 
ple, if any, have any reservations about 
the safety of using NSF-labeled plas- 
tic pipe for conveying potable water. 

The NSF did a good job of dispel- 
ling fears in the use of marked plastic 
pipe for water service. It also stand- 
ardized test methods for checking the 
health aspects of the new materials 
that are constantly being developed by 
the plastics industry for use in the 
water supply field. 


Commercial Standards 


The second standardization job was 
to determine proper dimensions for 
plastic pipe—that is, the inside and 
outside diameters, tolerances, and 
nomenclature. Many questions arose 
as to whether the inside or the outside 
diameter should be the controlling di- 
mension, whether iron-pipe sizes (IPS) 
or copper tubing sizes (both had pre- 
viously been standardized) should be 
followed, or whether a new series of 
pipe sizes should be developed espe- 
cially for plastic materials. These 
questions are not just academic ones 
for a young industry. Whatever di- 
rection the plastics industry took 
would be expensive, as dies and ma- 
chinery cost money—a lot of money. 

As so often happens in a new field, 
the most complicated solution possible 
was attempted. Two series of pipe 
sizes were manufactured. Some plas- 
tic pipe was manufactured in accord- 
ance with IPS (covered by ASA 
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B36.10 Schedules 10, 40, 80, and 120 
for polyvinylchloride (PVC) and 
Schedule 40 for polyethylene) and 
some other plastic pipe in accordance 
with solvent-welded pipe (SWP) 
sizes. The latter are a series of pipe 
sizes that conform to neither IPS nor 
copper tubing sizes and that plastic 
pipe alone would use. 

The plastics industry chose to de- 
velop commercial standards through 
the US Department of Commerce, as 
such standards could be developed in 
a reasonably short time and would be 
largely concerned with dimensions. 

At present there are six commercial 
standards available. They represent 
the needs of the plastics industry. 
Consumers had little voice in their 
adoption. These standards cover: 


1. Flexible polyethylene pipe 

2. Rigid polyvinyl chioride pipe 

3. Solvent-welded cellulose acetate— 
butyrate pipe, in SWP sizes 

4. Acrylonitrile butadiene 
(ABS) Type 1, in IPS sizes 

5. ABS Type 1, in SWP sizes 

6. ABS Schedule A (thin-walled) 
pipe. 


styrene 


ASA Standards 


The SPI recognized that better 
standards were needed and chose to 
develop them through the American 
Standards Association (ASA). The 
SPI and ASME sponsored two com- 
mittees to work on this project. ASA 
Committee B16, Subcommittee 12, was 
assigned the job of writing a standard 
for fittings, and ASA Committee B72 
has the responsibility for producing 
standards for plastic pipe. 

On these committees manufacturers 
and users both have representation so 
that all interests are served. Stand- 
ards are being prepared for: 
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1. Rigid ABS plastic pipe, IPS 

2. Rigid unplasticized polyvinyl 
chloride (UPVC) pipe 

3. Polyethylene pipe 

4. UPVC, socket-type IPS 
fittings 

5. UPVC, screwed fittings 

6. Insert fittings for polyethylene 
pipe. 

All of the proposed standards are 
presently in their fourth or fifth draft 
and an effort is being made to push 
them to completion as soon as pos- 
sible. The work already represents 
3-4 years of effort and 1-2 years more 
will probably be required before all 
six standards are adopted as American 
Standard. 

The preparation of these standards 
is not as simple as it may sound. Each 
step represents long hours of contro- 
versy until a compromise or victory 
for one side or the other is reached. 
It must be remembered that these 
standards are being prepared after the 
fact—that is, after the manufacturers 
of plastic pipe and fittings have al- 
ready been in business for some years 
producing pipe and fittings to their 
own dimensions and standards. Thus, 
when Committee B16 wanted to stand- 
ardize on sizes for fittings, it was nec- 
essary to investigate in detail the sizes 
of fittings being manufactured by all 
producers and, from that information, 
prepare a single set of dimensions for 
all to follow. To do this required 
many compromises, so that no one 
manufacturer would be too seriously 
harmed. 

A job which the users of plastic pipe 
on ASA Committee B72 performed 
was the elimination of the SWP sizes 
from any of the proposed standards. 
This was done in the interest of true 
standardization. Omission of the 
SWP sizes from the proposed stand- 
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ards does not prevent a manufacturer 
from continuing to produce SWP 
pipe, of course, but it will have the 
same practical effect. It took more 
than a year to accomplish that appar- 
ently simple task. When a manufac- 
turer has $50,000 or more invested in 
SWP dies, he is not apt to give it up 
easily. 

The SPI, as well as pipe extruders 
and material suppliers, are presently 
financing a study of plastic pipe by the 
Battelle Memorial Institute at Colum- 
bus, Ohio. The research program is 
for the study of the working charac- 
teristics and serviceability of extruded 
thermoplastic pipe. This study is in 
its fourth year. Its chief objective is 
to develop and standardize a rela- 
tively short-time bursting test that 
will accurately forecast the service life 
of the pipe. The work was originally 
done at a single temperature (73°F) 
but has since been changed to include 
higher and lower temperatures. Criti- 
cal temperatures for plastics, in gen- 
eral, are both higher and lower than 
room temperatures. At high tempera- 
tures plastic has a tendency to lose 
tensile strength, and at lower tempera- 
tures it has a tendency to lose impact 
strength. 


ASTM Standard 


ASTM Committee D20 is working 
on the development of a performance 
specification for ABS-IPS pipe. This 
work is well advanced. 
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Practical Applications 


Field experience with plastic mate- 
rials is limited, but still indicative. 
For example, to the author’s knowledge 
no presently available cellulose acetate 
butyrate pipe is considered suited for 
water service. Of a total of 1,413 
butyrate services installed by one com- 
pany since 1951, 220 have been 
changed either to another plastic or 
to metal. The failures were a result 
of poor joints, brittleness resulting in 
fractures, rupturing, and failure in 
flare. 

Reports on the use of the other 
three plastics (PVC, ABS, and poly- 
ethylene) are much more favorable. 
Joints, however, have caused trouble 
in certain installations and have had 
to be replaced. Most of these adverse 
results have been caused by low- 
impact styrene fittings or corroded 
clamps. These problems are now 
mostly corrected. Burying plastic 
pipe under paved surfaces is still not 
considered sound practice. 

Until adequate standards are avail- 
able for plastic pipe and fittings, the 
use of these materials by water utili- 
ties should be on an _ experimental 
basis. 

The plastics industry in the United 
States has made much progress in 
attacking and solving its pipe prob- 
lems. Not all the answers are avail- 
able at this time, but activity is vig- 
orous and progress is continually being 
made. 
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Effects of Synthetic Detergents on 
Water Supplies 


Task Group Report 


A report of Task Group 2661 P—Synthetic Detergents: Effects on 
Water Supplies, presented on Jul. 14, 1959, at the Annual Conference, 
San Francisco, Calif., by Paul D. Haney (Chairman), San. Engr., 


Black & Veatch, Kansas City, Mo. 


Other members of the committee 


are Russell L. Culp, J. Daniel Enright, William D. Hatfield, Harry 


T is estimated that synthetic deter- 
gent use will average approximately 
20 Ib per person during 1959 (1). By 
1960, average annual use will be on 
the order of 23 lb per person. Fifteen 
years ago there was very little use of 
these synthetic cleansing materials; a 
700 per cent increase in the use of 
synthetic detergents has occurred in 
the last 10 years. Sales of synthetic 
detergents (syndets) represent about 
72 per cent of the total market for 
cleansing agents. Although the syndet 
market is not growing as rapidly now 
as in the past, the pace may increase 
as more syndets are used in bar soaps. 

The two major constituents of most 
syndets are a_ surface-active agent 
(surfactant) and a builder. The most 
widely used surface-active agent is 
alkyl benzene sulfonate, commonly des- 
ignated ABS. The principal builder 
compounds are sodium tripolyphos- 
phate and tetrasodium pyrophosphate. 


Syndets in Water 
Most 


synthetic detergents sold 


eventually find their way into sewage 
and are ultimately discharged into the 
ground or into surface or ground 
waters. 


ABS is not completely re- 
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moved by sewage treatment although 
the ABS molecule may be extensively 
altered. Residual ABS in surface 
waters was once thought to be the 
cause of coagulation difficulties at 
water treatment plants. Although 
ABS probably does play a role in 
foaming, it does not appear to cause 
significant coagulation problems. Ex- 
tensive laboratory studies (2, 3) have 
shown that detergent-caused coagula- 
tion difficulties are more likely due 
to the presence of the polyphosphate 
builders than to surface-active agents. 
recent investigation of Illinois 
streams, reported by Engelbrecht and 
Morgan (4), indicated that concentra- 
tions of detergent-derived phosphate in 
the streams studied were very low. 
Phosphate concentrations were gener- 
ally much smaller than the concentra- 
tion (about 0.5 ppm as P,O,) that 
would cause appreciable interference 
with coagulation. At present, deter- 
gent-caused coagulation problems do 
not appear to be serious. 


Concern Over Pollution 


Currently there is increasing con- 
cern about the pollution of ground 
water by detergents. A report on de- 
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tergent pollution of ground water in 
Suffolk County, N.Y., was published 
in the December 1958 issue of the 
Journat (5). The study area con- 
sisted of a 72-acre residential section 
having a plot density of 5-6 homes 
per acre. Water supplies in this area 
are obtained from individual wells. 
Sewage disposal is accomplished by 
cesspools. The authors estimated 
average detergent use at 2-3 lb per 
family per week, or 25-40 Ib per per- 
son per year. Using a figure of 2 Ib 
per family per week, the authors esti- 
mated that within the study area ap- 
proximately 15.6 tons of syndets was 
discharged annually into the ground 
water via the cesspools. This corre- 


sponds to a detergent loading of about 
430 Ib/acre per year, or approximately 
1.2 lb/acre per day. 

Well depths in the study area were 
14-56 ft, but the majority of the wells 
were in the 25—35-ft range. 


Most of 
the wells were less than 65 ft from the 
cesspools. Samples were collected 
from 186 wells, and detergents compo- 
nents were found in 60 of them. The 
syndet concentration in terms of the 
surface-active agent, sodium lauryl! sul- 
fate, ranged from 0.1 ppm to more 
than 1.4 ppm. Analyses were per- 
formed by the methylene blue method. 
This method measures anionic surfac- 
tants only. The most common com- 
plaints of the water users were bad 
taste and frothing. Where the syndet 
surfactant concentration was 1.5 ppm 
or more, all users complained of bad 
taste. Frothing complaints started 
when the concentration reached 1.0 
ppm. The origin of the synthetic de- 
tergent found in the well water was, 
of course, sewage, and the presence of 
detergent in the well water established 
beyond reasonable doubt that the wells 
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were receiving waste water from cess- 
pools. Thus, syndets gave warning of 
an offensive and potentially dangerous 
situation. 

Among the authors’ conclusions and 
recommendations were: 


1. If wells and cesspools are placed 
on small lots, it may be anticipated that 
syndets will sooner or later appear in 
the well water. 

2. Increased well depth and greater 
distances from cesspools may delay 
but probably will not prevent syndet 
contamination of the well water. 

3. Syndet surfactants cause froth- 
ing and unpleasant tastes at threshold 
concentrations of 1.0-1.5 ppm. 

4. Arrangements should be made to 
serve the affected areas by public water 
supplies. 


Studies of Pollution 


Currently USPHS is studying the 
problem of ground water contamina- 
tion. At least a dozen cases of deter- 
gent pollution of ground water are 
known. Sources of pollution include 
cesspools, septic-tank tile fields, sew- 
age oxidation ponds, streams receiving 
sewage, holding ponds for industrial 
wastes, and facilities for waste dis- 
posal from commercial laundries. 

Many chemicals other than deter- 
gents, under certain circumstances, are 
capable of causing pollution of ground 
water. Salt water polution has been 
a serious problem in some of the oil- 
producing states. Pollutional effects 
of other chemicals may be even more 
serious because of acute toxicity. It 
is emphasized that subsurface pollution, 
from whatever source, is an insidious 
destroyer of water resources. The 
consequences of ground water pollu- 
tion can be, and generally are, far 
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more serious than similar pollution of 
surface waters. Ground waters move 
slowly and the source of pollution may 
be quite difficult to locate. Months 
or years may pass before anyone is 
aware that ground water pollution is 
occurring. By the time pollution is 
detected and corrective measures are 
undertaken, a large ground water area 
may be badly damaged, and it may 
be years before the effects of pollution 
are eliminated. 


Biochemical Degradation 


An important aspect of the detergent 
problem is the apparent resistance of 
ABS and certain other surface-active 
agents to biochemical degradation. Al- 
though ABS is attacked to some extent 
by bacteria, apparently the degradation 
is by no means complete and the end 
products are still troublesome. An 
obvious solution, and one that has been 
repeatedly suggested in the United 
States and in Britain, would be the use, 
by detergent manufacturers, of a mate- 
rial less resistant to biochemical ac- 
tion. Soap, which was and still is a 
widely used cleansing agent, never 
caused much difficulty because it is 
readily attacked and destroyed by bac- 
teria. This, unfortunately, is not true 
of the currently used synthetics. A 
change to a less resistant substitute 
would not be easy, however, for ABS 
is produced on a large scale. Pro- 
duction of this complete organic chemi- 
cal in 1956 was 455,444,000 Ib (6). 
Detergent manufacturers, however, can 
bring a great deal of scientific talent 
and practical knowledge to bear on 
this problem and are making a serious 
attempt to develop alternative surface- 
active agents that will perform at least 
as well as ABS and be susceptible to 
biochemical degradation. 
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The chemical structure of ABS ap- 
pears to be the key to its biochemical 
behavior. McKinney and Symons (7) 
have recently reported research that 
throws considerable light on the sub- 
ject of the bacterial degradation of ABS. 
These investigators concluded that ABS 
cannot be completely degraded by sew- 
age treatment processes and that fail- 
ure to degrade completely is caused by 
a quaternary carbon atom in the alkyl 
group, located where the hydrocarbon 
chain joins the benzene ring. This 
quaternary carbon apparently blocks 
bacterial metabolism. This conclusion 
seems to be supported by the findings 
of the British technical committee on 
synthetic detergents (8). The com- 
mittee reported recently that a new 
type of ABS has been developed which 
is susceptible to biochemical degrada- 
tion, The new ABS apparently differs 
from the ABS in current use only with 
respect to chemical structure and is 
entirely satisfactory for use in deter- 
gent manufacture. The new ABS is 
not available in large quantities, but 
enough of it was furnished to the com- 
mittee to permit laboratory and pilot 
plant tests of its behavior during sew- 
age treatment. The results of these 
tests showed rather conclusively that 
the new material was much more easily 
degraded. Whereas trickling filters 
removed only about 67 per cent of con- 
ventional ABS, they removed 94 per 
cent of the new ABS. Some prelimi- 
nary measurements of foam formation 
indicated that the new material had 
much less tendency to cause effluent 
foaming. In fact, when the new mate- 
rial was employed, effluent foam was 
but little more than that encountered 
in a similar effluent containing no ABS 
of any kind. 

This task group will attempt to keep 
in touch with future developments and 
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Ferric Sulfate Coagulation in the Presence 
of Synthetic Detergents 


Jesse M. Cohen, George A. Rourke, and 


Richard L. Woodward 


A contribution to the Journal by Jesse M. Cohen, Chemist; George A. 
Rourke, Chemist; and Richard L. Woodward, Chief, Water Supply, 
all of the Robert A. Taft San. Eng. Center, USPHS, Cincinnati, Ohio. 


URING the past few years there 
have been numerous published re- 
ports of water treatment difficulties 
that have been ascribed to the presence 
of synthetic detergents (1-5). These 
difficulties include, among others, inter- 
ference with coagulation, rising floc, 
inability to remove turbidity, taste and 
odor production, and dramatic foaming. 
Howells and Sawyer (6) found that 
interference with color removal by 
alum coagulation does not occur with 
various anionic and nonionic surface- 
active agents (surfactants) in con- 
centrations of 10 ppm or less. Smith, 
Cohen, and Walton (7) found that 
the surfactant component of synthetic 
detergents does not interfere with 
alum coagulation at concentrations of 
up to 20 ppm. Serious interference 
does occur, however, when as little as 
1 ppm of polyphosphate is present. 
This interference can be overcome by 
increasing the alum dose, the amount 
necessary varying linearly with the con- 
centration of polyphosphate. Howells 
and Sawyer (6) are in general agree- 
ment with these findings and with the 
use of color removal rather than tur- 
bidity as a measure of coagulation 
efficiency. 
This investigation is an extension of 
a previous work (7) to include the ef- 
fects of synthetic-detergent components 


on coagulation with ferric sulfate and 
includes a detailed study of the re- 
moval of surfactants. 


Nature of Experiments 


The test water used in most of the 
experimental work was a_ synthetic 
turbid water whose preparation has 
been described in a previous work (7), 
and the surfactants studied were the 
same purified materials used in that 
work. In addition, commercial sodium 
tripolyphosphate was recrystallized sev- 
eral times before use. Although the 
decahydrate of sodium tripolyphos- 
phate was used, concentrations are ex- 
pressed in terms of the anhydrous 
form. 

Reagent grade ferric sulfate corre- 
sponding to the chemical formula 
Fe,(SO,),-9H,O was used in all of 
the coagulation experiments. Results 
are expressed in terms of that 
compound. 

Coagulation tests were performed 
with a six-place mechanical stirring 
apparatus using 2-liter portions of test 
water in 1-gal, square-sided jars. 

In the previous work, and in that 
described in much of the literature, the 
quality of a coagulation was evaluated 
merely by visual observation of the floc 
and measurement of residual turbidity. 
Such evaluation is neither accurate nor 
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objective and is so subject to personal 
judgment that duplication of data 
among laboratory investigators is dif- 
ficult to obtain. To circumvent this 
difficulty, a settling-rate determination 
was used throughout this study. This 


TABLE 1 
Coagulation Tests on Surfactants in Soft Synthetic Turbid Water 


data served merely to insure that re- 
producible conditions of test water had 
been maintained. Determinations for 
iron were done colorimetrically on 
water samples immediately following 
addition of ferric sulfate and on set- 
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Surfactant Concentration—ppm 


Surfactant 
Interference 


Concentra- 
32 tion*—ppm 


First floc—min 1 
Floc quality | good | good | good 
Effluent turbidity—units 4 3 3 


8 12 
good | fine 16—32 
4 9 


First floc—min | 6 6 6 
Floc quality | good | good | good 
3 4 4 


Effluent turbidity—anits 


fine | none | 8—16 
12 | 83 | 


First floc—min 6 6 6 
Floc quality good | good | good 
3 


Effluent turbidity—units 3 2 


6 20 
good | poor | 16—32 


First floc—min 6 7 7 
Floc quality | good | good | good 
Effluent turbidity—units | 4 4 5 


Lauryl Sulfate 


First floc—min 7 6 8 
Floc quality good | good | good 
Effluent turbidity—umnits 5 5 9 


good 
14 


BD 
good | none | 
38 | 101 | 


none | none | 4—8 
105 | 106 | 


method has also been described in a 
previous publication (8). 
Electrometric alkalinity and pH de- 
terminations were made routinely on 
all raw-water preparations and on 
some finished-water samples. The 


tled, coagulated water. 
terference by polyphosphate, 2-2’-2” 
tripyridine was used as reagent. 

Two methods were used to deter- 
mine the concentrations of the surfac- 
tant added to the jars and of the re- 


* Where a range is shown, the interference concentration lies between the two values. 


To reduce in- 
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| 
ABS-1 
8 | 
| good | ae 
| 4 | 
| | | 
ABS-2 
| good 
ABS-3 
6 | 
| good | 
| 
ABS-4 
4 good 
| 
| 8 | 8—16 
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sidual surfactant following coagulation. 
Analyses for surfactant in the early 
part of the study were made by the 
methyl green procedure (9). It was 
soon found that analyses could be made 
as precisely and more rapidly by using 
a two-phase titration procedure pro- 
posed by Hoyt and Walter (10). 
The cetyltrimethylammonium bromide 
(CETAB) solution used for the titra- 
tion was standardized against potas- 
sium dichromate. All calculations 
were based on a surfactant with a mo- 
lecular weight of 348, the weight of 
a sodium dodecylbenzenesulfonate, and 
results are expressed in terms of the 
latter compound. 

Analyses for orthophosphate and 
soluble polyphosphate were determined 
by the colorimetric molybdenum blue 
method. Stannous chloride was used as 
reducing agent and color intensity was 
measured with a _ spectrophotometer 
(11). 

The study was divided into deter- 
minations of four things: 

1. The effects of various surfactants 
on ferric sulfate coagulation 

2. The effects of a single surfactant 
under several conditions of coagulation 

3. The effectiveness of ferric sulfate 
coagulation in removing surfactant 
from solution 

4. The influence of sodium tripoly- 
phosphate on ferric sulfate coagulation. 


Various Surfactants 


Four purified sodium dodecylben- 
zene sulfonates, designated ABS 1-4, 
and sodium lauryl sulfate were tested 
for their effect on ferric sulfate coagu- 
lation. These surfactant materials 


were added in increasing concentra- 
tions of 2-32 ppm to a series of six 
jars containing synthetic turbid water. 
Ferric sulfate solution was added to a 
concentration of 8 ppm as the coagu- 
At the end of 30 min of floccu- 


lant. 
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lation, the treated waters were allowed 
to stand for an additional 30 min be- 
fore samples were withdrawn for tur- 
bidity measurements. The results, 
shown in Table 1, indicate that with 
minimum doses of ferric sulfate, 4-32 
ppm of surfactant were required before 
interference became apparent. These 
concentrations of surfactant are many 
times greater than any that are likely 


Turbidity Remaining - per cent 


Settling Time min 


Fig. 1. Effect of Various Concentrations 
of ABS-1 on Coagulation in Syn- 
thetic Turbid Water 


The characteristics of the water used 

were as follows: pH, 7.6; alkalinity, 40 

ppm; hardness, 0; turbidity, 110 units ; 

coagulant (ferric sulfate) 10 ppm; tem- 
perature, 22°C, 


to be found in a public water supply. 
To show the effect of variable experi- 
mental conditions on coagulation, one 
of the alkyl benzene sulfonates, ABS-1, 
was studied in detail. 


ABS-1 Concentration 


In these experiments, ABS-1 was 
added to synthetic turbid water in con- 
centrations of 0-32 ppm. Coagulation 
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was accomplished by adding 10 ppm 
of ferric sulfate (Fig. 1). The settling- 
rate curves show a slight decrease in 
the quality of the ferric sulfate floc as 
surfactant concentration is increased. 
The lowered settling rate is apparent 
only during the first 10 min of sedi- 
mentation. The quality of the effluents 
produced in the presence of 8 ppm or 
less of ABS-1 was essentially uniform. 
With 16 ppm the quality of coagula- 
tion was impaired, and a. slightly 
slower-settling floc and a somewhat 
higher residual turbidity were pro- 
duced. A concentration of 32 ppm 


TABLE 2 


Effect of Turbidity on Coagulation in 
Presence of ABS-1 


Turbidity After 60-min Settling— 
per cent 
Surfactant 
Initial Turbidity—units 
25 110 330 

0 (Control) 3 yl 4 | 1 
2 5 | 3 
8 4 3 | 3 2 
16 5 4 | 5 4 
32 21 19 | 19 21 


ABS-1 was clearly detrimental to the 
coagulation. 


Turbidity 


Because turbidity could be a factor 
in the coagulation of water containing 
surfactant, samples containing three 
different concentrations of turbidity— 
25, 110, and 330 units—were coagu- 
lated with 10 ppm of ferric sulfate in 
the presence of ABS-1 concentrations 
of 0-32 ppm. From Table 2 it is clear 
that neither turbidity nor surfactant 
concentrations of 16 ppm or less have 
any significant influence on the clarity 
of the effluent obtained with ferric sul- 
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fate coagulation. With 32 ppm of sur- 
factant, the effluent contains increased 
amounts of residual turbidity. 


Calcium Ion 


Although it was not anticipated that 
calcium would have any effect on co- 
agulation in the presence of surfactant, 
it was desirable to check several con- 
centrations. Calcium ions, in the form 
of calcium chloride, were added to syn- 
thetic turbid water. The data obtained 
in these experiments showed that cal- 
cium in concentrations 0-300 ppm (as 
CaCO,) had no effect on ferric sulfate 
coagulation in the presence of surfac- 


TABLE 3 


Removal of ABS-1 by Coagulation 
With Increasing Amounts 
of Ferric Sulfate* 


ABS-1 
i Co atic ABS-1 
Sulfate | Removed 
ppm P Coagulation per cent 
ppm 
10 7.6 9.41 1.2 
20 7.4 8.91 | 64 
30 7.2 8.98 f 
40 7.15 9.01 5.4 
50 7.0 8.96 5.9 
60 6.9 9.05 4.9 
* Synthetic turbid water contained 50 ppm alka- 


linity, 100 units turbidity, and 9.52 ppm ABS-1. 


tant concentrations of 32 ppm or less. 
It was found, as others have observed, 
that calcium ions improve coagulation, 
and, in this instance, tolerance for sur- 
factant was increased to concentra- 
tions greater than 32 ppm, the latter 
concentration yielding a coagulation 
fully as satisfactory as the lower 
concentrations. 


Surfactant Removal 


Evidence in the literature (12, 13) 
has amply demonstrated that alum co- 
agulation is ineffectual in removing 
surfactants from water. In a plant- 
scale trial in which 300,000 gpd was 
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treated, Hammerton (12) found that 
no reduction in surfactant concentra- 
tion was obtained during a 16-day pe- 
riod. The average of 16 daily deter- 
minations of surfactant in the raw 
water showed 1.56 ppm, as compared 
to 1.57 ppm found in the clarified 
water. Some factors which may affect 
the removal of surfactants by ferric 
sulfate coagulation were studied in this 
investigation. 


Increased Ferric Sulfate 


Increasing concentrations of ferric 
sulfate of 0-60 ppm were used to co- 
agulate synthetic turbid water con- 
taining the added surfactant material, 
ABS-1. Surfactant concentrations 
were determined before and after co- 
agulation; the results are shown in 
Table 3. Except for a surfactant re- 
moval of 1.2 per cent with the mini- 
mum amount of ferric sulfate, removals 
with increasing amounts of coagulant 
amounted to 4.9-6.4 per cent. No 
correlation was observed between the 
removal of the surfactant and the co- 
agulant dose. For practical purposes 
one can conclude that ferric sulfate 
coagulation does not remove this 
surfactant. 


pH 


Influence of pH on the removal of 
ABS-1 by ferric sulfate coagulation 
was determined by coagulating syn- 
thetic turbid water containing 9.52 
ppm of ABS-1 with 10 ppm of ferric 
sulfate after pH adjustment with dilute 
sulfuric acid. The data obtained 
(Table 4) show that the percentage 
of surfactant removed was insignificant 
within the pH range of 4.7-7.6. 


Surfactant Concentration 


To check the influence of surfactant 
concentration on surfactant removal 
by ferric sulfate, tests were made in 
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which conditions of pH, alkalinity, tur- 
bidity, and coagulant dose were held 
constant while varying amounts of 
surfactant were added. Results of 
three experiments (Table 5) show 
that only small amounts of the sur- 
factant are removed by ferric sulfate 
coagulation. The initial concentration 
of the surfactant had no effect on the 
percentage removed. The average 
amount of surfactant removed in all 
the tests was 5.7 per cent. 


Turbidity Increases 


Increasing amounts of clay turbidity 


slightly increased the removal of 
TABLE 4 
Influence of pH on Removal of ABS-1 
by Coagulation with 10 mg/l 
Ferric Sulfate* 
ABS-1 
Ferric Concentration ABS-1 
Sulfate Final ter Removéd 
ppm pH Coagulation per cent 
tpm 
10 4.7 8.98 5.8 
10 5.4 8.98 5.8 
10 6.2 9.08 4.8 
10 6.8 9.26 3.0 
10 7.2 9.25 3.0 
10 7.6 9.53 1.0 


* Synthetic turbid water contained 50 ppm alka- 
linity, 100 units turbidity, and 9.52 ppm ABS-1. 


ABS-1 by coagulation with ferric sul- 
fate (Table 6). With turbidities rang- 
ing up to 170 units, an average removal 
of 3.4 per cent was obtained. With 
higher turbidity values, 325-2,750 
units, the average removal of sur- 
factant increased to 12.4 per cent. 


Activated Carbon 


Reduction of ABS-1 to very low re- 
siduals was obtained with activated 
carbon, but the dosages required were 
high. In these tests, solutions of 2.0 
ppm of ABS-1 were treated with in- 
creasing amounts of activated carbon 
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TABLE 5 
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Effect of Surfactant Concentration on Its Removal by Coagulation With Ferric Sulfate 


Jour. AWWA 


Conditions 


Before 


Turbidity, 82 units; 
alkalinity, 51 ppm; pH 7.5; 
ferric sulfate, 10 ppm 


2.13 

4.03 

7.80 
15.6 
31.1 


Coagulation 


Surfactant Concentration—ppm 


* Avg 
Coagulation 

2.09 1.9 

3.69 8.4 

7.22 7.4 

15.0 3.8 

30.6 


Turbidity, 100 units; 
alkalinity, 50 ppm; pH 7.6; 
ferric sulfate, 10 ppm 


1.82 
3.96 
7.03 
16.9 
32.7 


1.63 
3.84 
7.26 
17.3 
30.8 


Turbidity, 106 units; 
alkalinity, 40 ppm; pH 7.4; 
ferric sulfate, 10 ppm 


2.00 
3.90 
7.90 
15.7 
31.5 


2.10 
3.60 
7.40 
14.8 
29.2 


TABLE 6 
Influence of Turbidity on Removal of ABS-1 by Coagulation With Ferric Sulfate 


* Plus values were not included in the calculations for average removal. 


Turbidity 
Alkalinity 
7.5 48 26 
7.4 45 100 


ppm 
Removal | Removal 
| Before After 

Coagulation | Coagulation | 

10 2.0 2.04 +2.0 | 

4.08 4.04 1.0 | 

7.92 7.73 2.4 

15.6 15.3 1.9 

30.8 30.2 1.9 1.8 
10 4.03 3.98 1.2 

15.4 15.7 +2.0 


Surfactant Concentration— 


4.6 


3.0 
+3.3 : 
+2.4 ‘ys 
5.8 4.8 
+5.0 fas 
7.7 
6.3 
5.7 
7.3 6.8 
| | 
4.17 3.98 = 
15.5 15.5 0 1.9 
- 7.35 48 325 10 4.56 3.97 12.9 Be 
17.7 15.1 14.7 13.8 
a 7.45 48 450 10 5.01 4.21 16.0 ss 
3 18.4 14.5 21.2 18.6 ee 
; 7.3 100 2 50 | 10.0 | 96 4.0 as 
170 + 5.0 
4 680 10.0 9.0 10.0 ae 
: 1380 10.0 8.9 11.0 ee 
2750 10.0 8.7 13.0 8.5 ae 
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Fig. 2. Carbon Dosage Chart for 
ABS Removal 


The concentrations shown with each line 
represent desired residuals. 


and were stirred for 1 hr. Carbon 
was removed by filtration through a 
sintered glass funnel, and surfactant 
residuals were determined. The data 
were plotted according to the Freund- 
lich equation (14) and the constants 
of the resulting curve were used to 
construct the carbon dosage curves in 
Fig. 2. These curves show that 154 
ppm of carbon is required to reduce 
2.0 ppm of ABS to a residual of 0.01 
ppm; that 76 ppm of carbon is neces- 
sary for a residual of 0.1 ppm; and 
that 10.5 ppm of carbon is required if 
the desired residual is 1.0 ppm. 

These results are in fairly good 
agreement with those reported by 
Filicky (15) but show poorer removal 
by carbon than that obtained by 
Vaughn (13). 


Sodium Tripolyphosphate 


Reports (6, 7) have stated that con- 
centrations as low as 1-2 mg/I of so- 
dium tripolyphosphate have prevented 
alum coagulation of soft, synthetic tur- 
bid water and soft, natural colored 
waters. To determine the concentra- 
tion at which sodium tripolyphosphate 
interferes with ferric sulfate, soft, syn- 
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thetic turbid water was used as the 
test medium. Solutions containing in- 
creasing concentrations of sodium tri- 
polyphosphate ranging from 0.025 to 
0.4 ppm were coagulated with 10 ppm 
of ferric sulfate. Settling-rate curves 
(Fig. 3) show that concentrations of 
sodium tripolyphosphate as low as 
0.025 ppm decrease the settling qual- 
ity of the ferric sulfate floc. This 
slight interference in the lower concen- 
trations becomes significant at a tri- 
polyphosphate concentration of 0.1 
ppm. With 0.4 ppm of tripolyphos- 
phate, no coagulation could be ob- 
tained. With this test water, ferric 
sulfate is about ten times as sensitive 
to interference by sodium tripolyphos- 
phate as is alum. 


Removel of Interference 


As with alum coagulation, interfer- 
ence with ferric sulfate coagulation by 
sodium tripolyphosphate can be over- 


8 $8 88 


Turbidity Remaining — per cent 


Settling Time - min 


Fig. 3. Effect of Various Concentrations 
of Sodium Tripolyphosphate on Coagu- 
lation in Synthetic Turbid Water 


Water characteristics were: pH, 7.8; tur- 
bidity, 116 units; alkalinity, 52 ppm; co- 
agulant (ferric sulfate), 10 ppm. 


160 
if 
: 
3 
0.2 ppm 
0.1 ppm 
** ‘ 
10 
0.05 ppm 
8 
0.025 
3 
“a 0 2 a 6 8 10 60 
| 


Settling Time— min 
Fig. 4. Effect of Various Concentrations 
of Ferric Sulfate on Coagulation in 
the Presence of Sodium 
Tripolyphosphate 
The tripolyphosphate concentration was 


O8 ppm. 


come by increasing the concentration 
of ferric sulfate. Figure 4 shows the 
settling-rate curves that were obtained 
when increasing concentrations of fer- 
ric sulfate were used to coagulate a 
synthetic turbid water containing 0.8 
ppm of sodium tripolyphosphate. In 
this test, 2-ppm increments of ferric 
sulfate were used. Good coagulation 
was considered to have occurred when 
5 units of turbidity or less remained 
after settling for 60 min. Only ferric 
sulfate doses of 32 and 34 ppm met 
this criterion. Lesser doses produced 
effluents with increasing residual tur- 
bidity, whereas 24 ppm of ferric sul- 
fate was unable to effect any coagulation. 

The set of curves in Fig. 4 is typical 
of the results obtained when sufficient 
ferric sulfate was added to overcome 
tripolyphosphate interference, where 
within a 10-ppm range of ferric sulfate 
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concentrations results varying from 
no coagulation to good coagulation 
were produced. In the synthetic tur- 
bid water tested, it was found that a 
linear relationship could be obtained 
by a log-log plot of the sodium tri- 
polyphosphate and ferric sulfate con- 
centrations (Fig. 5). This relation- 
ship can be expressed by the following 
equation : 


x = 


where x is the ferric sulfate dose re- 
quired and y is the concentration of 
sodium tripolyphosphate. That this 
relationship is valid in at least one 
practical example will be shown later. 


Residual Iron 


The presence of a surfactant in water 
does not affect the residual iron in 


10.0 T 
8.0 


6.0 
5.0 
4.0 


3.0 


2.0 


Sodium Tripolyphosphate — ppm 


i 


20 30 40 60 80100 200 
Ferric Sulfate —- ppm 


Fig. 5. Relationship Between Tripolyphos- 


phate Concentration and Ferric Sulfate 
Necessary for Good Coagulation 


The equation of the line is x = 38y°™. 

The tripolyphosphate and ferric sulfate 

are expressed as NasP;Ow and Fe:(SO.)s 
-9H.O, respectively. 


1262 COHEN, ROURKE, WOODWARD PF a 
80 24 ppm 
60 
50 
40 
26 ppm 
28 
6 
4 
34 ppm 
4 
3 
2 
Re 8 10 60 
= | 
1.0 
08 
06 
0.5 
0. 
0.3 
10 
3 
: 


Oct. 1959 COAGULATION 
solution after coagulation with ferric 
sulfate. Residual-iron concentrations 
remain uniformly low provided that 
the surfactant concentration is below 
the interference level. Typical data 


for iron residuals obtained with syn- 
thetic turbid water are 
Table 7. 

In the presence of sodium tripoly- 
phosphate, iron is so effectively se- 
questered that no residual metal could 


shown in 
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factant and sodium tripolyphosphate 
content. Analysis for surfactant by 
the two-phase titration method showed 
938 ppm surfactant, assuming a mo- 
lecular weight of 348, which was 
equivalent to a concentration in the 
wash water of 0.52 per cent com- 
mercial synthetic-detergent formulation 
containing 18 per cent surfactant. 
Analysis for sodium tripolyphosphate 
showed 2,800 ppm in the wash water, 


TABLE 7 
Removal of Iron by Coagulation in Presence of Surfactants 


| Ferric | 
Sulfate 


Surfactant 
Added 
| 


Concentration | 


ppm ppm 


Quality of 
Coagulation 


Ferric 
Sulfate 
Remaining 
ppm 


Removal 
per cent 


be detected by the analytical proce- 
dure after coagulation. 


Wash Water Experiments 


At the conclusion of the study, the 
work on laboratory prepared water 
was checked with a study on a waste 
wash water. For this purpose, a com- 
mercial synthetic-detergent formulation 
was used to wash ordinary household 
laundry in a home washing machine. 
The wash water was analyzed for sur- 


indicating that the commercial syn- 
thetic detergent contained 54 per cent 
sodium tripolyphosphate. During the 
washing period only 2.4 per cent of 
the sodium tripolyphosphate was hy- 
drolyzed to orthophosphate to produce 
52 ppm orthophoshate as PO,-~ in the 
discharged wash water. 

Increasing amounts of the wash 
water were then added to synthetic 
turbid water to yield solutions contain- 
ing known amounts of sodium tripoly- 


ABS-1 
ke 0 | 2.00 good 04 98.0 
ae 2 2.00 good 06 97.0 

oe 4 2.00 good 08 96.0 
. a 8 2.00 good 04 | 98.0 

a 16 2.00 good 04 98.0 

os 32 | 2.00 | poor | 10 | 95.0 : 
ag 0 | 1.59 good 013 99.2 a 
is 2 | 1.59 | good 013 99.2 
1.59 good 013 99.2 
8 1.59 good 023 98.6 
i em 16 1.59 poor 0.69 56.6 

32 1.59 poor | 1.4 11.9 
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0.029% (0.8 ppm) 
0.014% (0.4 ppm) 


0.0071% (0.2 ppm) 


8 8 §88 $8 


0.0036% (0.1 ppm) 


Settling Time— min 


Fig. 6. Effect of Various Concentrations 
of Laundry Wash Water on Coagu- 
lation With Ferric Sulfate 


The ferric sulfate concentration was 10 
ppm. Data in parentheses are concen- 
trations of sodium tripolyphosphate. 


phosphate. Coagulation of these solu- 
tions was attempted with 10 ppm ferric 
sulfate, with the results shown in Fig. 
6. Impaired coagulation, as evidenced 
by a lower settling rate and higher 
residual turbidities, occurs when only 
0.0036 per cent of wash water is pres- 
ent—which is equivalent to 0.1 ppm 
tripolyphosphate. No coagulation oc- 
curs when 0.014 per cent or more wash 
water is present. 

As shown in Fig. 5, interference of 
sodium tripolyphosphate in ferric sul- 
fate coagulation may be overcome by 
increasing the coagulant dose in ac- 
cordance with the derived equation of 
the line. The following experiment 
showed that this equation is also ap- 
plicable to test waters containing so- 
dium tripolyphosphate contributed by 
laundry wash water. 

For this test, laundry wash water 
was added to synthetic turbid water 
to make a 0.014 per cent solution. 
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The resulting test solution contained 
0.40 ppm sodium _tripolyphosphate. 
Portions of this solution were then 
treated with increasing amounts of fer- 
ric sulfate ranging from 11 to 26 ppm 
in 3-ppm increments. The results 
show (Fig. 7) that at least 23 ppm 
ferric sulfate was required to produce 
an effluent containing 5 per cent of 
residual turbidity or less. This is the 
same value that would be predicted 
from Fig. 4. 

Having determined that 23 ppm fer- 
ric sulfate was required to coagulate a 
solution containing 0.014 per cent 
laundry wash water, another series of 
coagulations was made in which in- 
creasing amounts of ferric sulfate were 
added, above the required minimum, 
to determine whether surfactant mate- 
rial was removed. The data obtained 
(Table 8) indicate that coagulation 


1 
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| 
8 10 
Settling Time — min 
7. Effect of Various Concentrations 
of Ferric Sulfate in Presence of 
Laundry Wash Water 


Fig. 


Laundry wash water concentration was 
0.014 per cent (04 ppm sodinm 
tripolyphosphate). 
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with ferric sulfate removes only in- 
significant amounts of surfactant mate- 
rial. The lowest dose of ferric sulfate, 
20 ppm, did not produce an adequate 
coagulation, which confirms the mini- 
mum dose previously determined as 23 


ppm. 


Discussion 


Between 1950 and 1954 a number 
of reported instances of coagulation 
difficulty attributed to synthetic deter- 
gents occurred at water plants. These 
are well summarized in an AWWA 
Task Group Report (2). No reports 
of recurrence of such difficulties have 
been noted since that time in spite of 
the steadily increasing use of synthetic 
detergents. 

The studies of Smith, Cohen, and 
Walton (7), Howells and Sawyer (6), 
and the author’s of this report have 
shown that in controlled laboratory 
tests the surfactants used in household 
synthetic detergents do not interfere 
with coagulation at concentrations of 
less than 16 ppm. 

The surfactant content of municipal 
sewage averages 5-10 ppm. Sewage 
treatment and natural purification 
processes reduce this by varying 
amounts. At Chanute, Kan. (16), 
when waste water was being recycled, 
the ABS concentration averaged 13.6 
ppm in untreated sewage, 10.4 ppm in 
treated sewage, 4.6 ppm in raw water, 
and 4.4 ppm in treated water during 
the period of worst water quality. 
Relatively little information is available 
on ABS concentrations in streams in 
the United States. Rivers in Great 
Britain have shown concentrations of 
0.2-4.9 ppm (17). The authors know 
of no streams in the United States in 
which concentrations as high as 5.0 
ppm have been found. Some of the 
earlier reports of higher concentrations 
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are doubtful because packaged deter- 
gents were used as a standard; such 
detergents commonly contain as little 
as 18 per cent surfactant. 

Thus, it is doubtful that water sup- 
plies have been or are likely to be con- 
taminated by ABS to levels high 
enough to cause interference with co- 
agulation. The laboratory studies re- 
ferred to above have shown that com- 
plex phosphates of the type used in 


TABLE 8 


Removal of Surfactant From Diluted 
Laundry Wash Water* 


Final Residual 
Turbidity Surfactant 
units pom 


Ferric 
Sulfate 
ppm 


20 
30 
40 
50 


Final 
pH 


7.15 54 
7.05 4 
6.95 3 
6.80 2 
60 6.75 2 
70 6.70 2 


* Water analysis: pH, 7.4; turbidity, 102 units; 
alkalinity, 50 ppm; sodium tripolyphosphate. 0.4 ppm; 
surfactant, 0.13 ppm. 


0.11 
0.12 
0.12 
0.11 


household detergents are capable of 
causing interference with coagulation. 
There are several reasons for ques- 
tioning the importance of these com- 
plex phosphates in water treatment, 
however. First, their interference may 
be eliminated by increased coagulant 
dosage. Second, hardness tends to re- 
duce or eliminate their interference. 
Third, they are rapidly hydrolyzed 
(18) in sewage to relatively innocuous 
orthophosphates. Very little informa- 
tion is available on the concentration 
of complex phosphates in streams re- 
ceiving sewage. Dietz’ (19) studies 
showed that total phosphate concen- 
trations (as P,O,) in the range of 1 
ppm or less would be typical for Ilh- 
nois waters. Most of this sampling, 
however, was done on streams and 
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lakes receiving no sewage pollution. 
Dietz further showed that, in streams 
receiving sewage effluents, total phos- 
phate concentrations increased to 3.4 
ppm (as P,O,) with complex phos- 
phates comprising 15 per cent of the 
total. 

The results at Chanute (16) are 
again of interest. During the period 
of worst water quality, the concentra- 
tion of complex phosphates in the un- 
treated sewage averaged 19 ppm. It 
was reduced to 7 ppm in the treated 
sewage and to 1 ppm in the raw water. 
Treatment in the plant reduced it fur- 
ther to 0.5 ppm. This illustrates the 
relatively large and rapid reduction in 
complex phosphate concentrations that 
occurs in sewage treatment and by 
natural purification processes such as 
were active at Chanute. It is also 
pertinent that no interference with co- 
agulation comparable to that reported 
elsewhere (5, 20, 21) was noted at 
Chanute. 

From this evidence it seems likely 
that the interference with coagulation 
attributed to detergents probably had 
some other cause or causes, and al- 
though detergents were undoubtedly 
present and almost certainly were re- 
sponsible for foaming and possibly con- 
tributed to other difficulties, it seems 
probable that the coagulation difficul- 
ties were due to the presence of other 
contaminants in addition to synthetic 
detergents. 


Summary 


Components of household synthetic 
detergents were investigated for their 
effects on ferric sulfate coagulation, 
under laboratory conditions, with 
laboratory-prepared turbid water. 
Confirmatory data were also obtained 
using laundry wash water as a source 
of synthetic detergent. 
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Five anionic surfactant materials 
produced no discernible decrease in 
the quality of ferric sulfate coagulation 
until concentrations of 8-32 ppm were 
present. Higher concentrations inter- 
fered by producing a slow-settling floc 
and high residual turbidities. Neither 
turbidity nor surfactant concentrations 
up to 16 ppm had any significant influ- 
ence on the clarity of the effluent ob- 
tained with ferric sulfate coagulation. 
With 32 ppm of surfactant, effluent 
quality suffered an increase in residual 
turbidity. 

In the presence of calcium-ion con- 
centrations up to 300 ppm (as CaCO, ), 
even greater amounts of surfactant 
could be tolerated in the coagulation. 
As much as 32 ppm of ABS-1 had no 
detrimental effect, whereas this con- 
centration consistently interfered with 
coagulation when no calcium ions were 
present. 

Coagulation with ferric sulfate is in- 
effective in removing surfactants from 
water. Doses of ferric sulfate six times 
the minimum required for coagulation 
remove only 5-6 per cent of the sur- 
factant present. Adjustment of pH 
to as low as 4.7 did not materially aid 
in the removal of surfactant com- 
pounds. The low removals were inde- 
pendent of the original concentration 
of the surfactant. Increased removals, 
averaging 13 per cent, were obtained 
with turbidities of 450—2,750 units. 

Activated carbon removed surfac- 
tants from solution, but high dosages 
were required. To reduce 2.0 ppm 
ABS to a residual of 0.01 ppm, re- 
quired 154 ppm carbon. 

In the test water, a very small 
amount of sodium tripolyphosphate, 
0.1 ppm, adversely affected the quality 
of coagulation. As little as 0.4 ppm 
completely prevented coagulation with 
minimum doses of the coagulant. 
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Interference from sodium tripoly- 
phosphate was overcome by increased 
doses of ferric sulfate. The relation- 
ship between the concentration of so- 
dium tripolyphosphate and the amount 
of ferric sulfate required to overcome 
interference is linear on a log-log plot. 
An equation expressing this function 
was developed. 

With concentrations of surfactant 
below the interference level, substan- 
tially complete removal of iron was 
obtained. 

Work with laundry wash water in 
synthetic turbid water in concentra- 
tions which might be expected under 
practical conditions confirmed the labo- 
ratory findings with pure compounds. 
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Use of Chlorine and Its Derivatives in 
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HLORINATION has been prac- 

ticed in the water supply industry 
for approximately 50 years. During 
this period much progress has been 
made in chlorination practices. The 
purpose of chlorine application has 
been twofold—that is, for disinfection 
and for control of tastes and odors. 
Although most of the recognized prob- 
lems of disinfection have been solved, 
much work remains to be done in the 
field of tastes and odors. The impor- 
tance of controlling tastes and odors 
in public water supplies is reflected in 
the increase in the number of water 
plants practicing some form of taste 
and odor control (Fig. 1). 

The purpose of this article is to re- 
view the different methods of using 
chlorine and its derivatives to combat 
tastes and odors and to present a short 
review of pertinent investigations now 
in progress at the sanitary engineering 
laboratories of Washington University, 
St. Louis. 


Chlorination Practices 


A number of processes have been 
employed to remove taste and odor 
with chlorine and its derivatives. In 
chronological order these processes in- 
clude: chlorine-ammonia treatment, 
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superchlorination, free residual chlo- 
rination, superchlorination and dechlo- 
rination, and chlorine—chlorine dioxide 
treatment. 

Chlorination practices may be di- 
vided into four major groups. A re- 
view of these groups is given below. 
An effort has been made to use the 
terminology which has been accepted 
by AWWA. 

1. Combined residual chlorination 
(chlorine-ammonia treatment). This 
process is the application of chlorine 
to water to produce with ammonia a 
combined available chlorine residual. 
It is a common practice to maintain 
this residual through part or all of 
the water treatment plant or distribu- 
tion system. Combined chlorine resid- 
uals are chloramines and other chlorine 
derivatives which are products of chlo- 
rine and ammonia or amines, and may 
be measured by the standard ortho- 
tolidine arsenite test. Such practices 
as simple chlorination, marginal chlo- 
rination, and chlorine-ammonia treat- 
ment may be included in this group. 

2. Free residual chlorination ( break- 
point process). This process is the 
application of chlorine to water to 
produce, directly or through the de- 
struction of ammonia or nitrogenous 
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organic material, a free available chlo- 
rine residual. This residual is main- 
tained through part or all of the water 
treatment plant or distribution system. 
Free chlorine residuals include ele- 
mental chlorine, hypochlorous acid 
(HOCi), and the hypochlorite ion 
(OCI), and may be measured by the 
standard orthotolidine arsenite test. 
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Fig. 1. Increases in the Practice of 
Taste and Odor Control 


Cross-hatched bars represent numbers of 
plants; black bars represent populations 
served. 


3. Superchlorination and dechlorina- 
tion. Superchlorination, as originally 
practiced, was defined as the applica- 
tion of chlorine to water in an amount 
greater than that needed to produce 
the chlorine residual produced by com- 
bined residual chlorination. Now, 
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however, superchlorination is the term 
commonly used for the application of 
sufficient quantities of chlorine to in- 
crease the rate of reactions. This prac- 
tice results in excessive amounts of free 
residual chlorine and the water must 
undergo dechlorination before it may 
be drunk, 

4. Chlorine—chlorine dioxide treat- 
ment, This process usually involves 
the application of chlorine dioxide to 
waters previously treated with chlorine. 
The combination is used, rather than 
chlorine dioxide alone, to reduce costs 
and utilize certain advantages of chlo- 
rination. Chlorine dioxide is produced 
at the plant site by the addition of 
chlorine to a solution of sodium chlo- 
rite. The recommended ratio of chlo- 
rine to technical-grade sodium chlorite 
on a weight basis is 1:2—or, prefer- 
ably, 1:1, so that the reaction is com- 
pleted by the excess chlorine, the 
cheaper chemical. A number of chemi- 
cal reactions are reported to occur, de- 
pending on the pH of the mixture (3) ; 
a pH of 3.5 or lower is recommended 
for best results (4). 

In order to clarify the various chlo- 
rination practices further, they are il- 
lustrated in Fig. 2. Dosages of chlo- 
rine or chlorine dioxide are plotted 
against the residuals they produce. 
These residuals are characterized as 
combined or free. 

Upon addition of chlorine to a water 
containing ammonia, a combined resid- 
ual chlorine is obtained. The meas- 
ured residual, however, is slightly less 
than the theoretical. 

In free residual chlorination, the im- 
mediate (zero) chlorine demand of the 
water must be satisfied before a free 
chlorine residual can be obtained. In 
the breakpoint process addition of 
chlorine results in the formation of 
chloramines. The type of chloramines 
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Dechlorination 
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< Chloramines > | < Destruction ><-4 Destruction of Some 
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Fig. 2. Chlorination Practices for Taste and Odor Control 


Parts a, b, c, d, and e represent combined residual chlorination, free residual chlorina- 
tion, break-point process, superchlorination followed by dechlorination, and chlorine— 
chlorine dioxide treatment. The graphs are only descriptive, not quantitative. 
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formed depends on the pH of the 
water. For the pH values usually en- 
countered, mono- and dichloramines 
are obtained. Once the peak is reached, 
further addition of chlorine results in 
a decrease in residual, and at the 
breakpoint most of the chlorine and 
ammonia are gone. Chlorine is con- 
verted to chloride ions, and ammonia 
is converted to nitrogen or nitrogen 
oxides. Following the breakpoint a 
free chlorine residual is obtained. A 
ratio of ammonia-nitrogen to chlorine 
of 1:10 (by weight) is required the- 
oretically to attain the breakpoint, but 
higher ratios of up to 1:25 have been 
reported in practice where water was 
heavily polluted. 

The method of superchlorination and 
dechlorination is also illustrated in Fig. 
2. Chlorine is added in amounts that 
produce higher residuals than are ac- 
ceptable in the distribution system. 
This is done in order to increase the 
rate of the reactions. Part of the re- 
sidual must be removed by dechlorina- 
tion before the water enters the dis- 
tribution system. Sulfur dioxide, 
sodium sulfite and _ bisulfite, and, 
sometimes, ammonia are used for the 
dechlorination. 

The method of free residual chlo- 
rination followed by chlorine dioxide 
treatment is also shown in Fig. 2. It 
is believed that the reactions involv- 
ing chlorine dioxide, some chloro- 
derivatives and other odorous mate- 
rials are rapid, and that the addition 
of chlorine dioxide therefore does not 
initially show an increase in the total 
residual. Further addition of chlorine 
dioxide should result in an increased 
residual. 


Relative Merits 


All the chlorination practices have 
merits and can, under appropriate con- 
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ditions, provide means for taste and 
odor control. All have been used in 
practice with varying success. 

Combined residual chlorination is 
generally the least effective. The 
breakpoint process has many advan- 
tages where ammonia is present and 
the organic load is of a nitrogenous 
nature. Careful control should be 
practiced so that a true free chlorine 
residual can be obtained, as inadequate 
chlorination may intensify tastes and 
odors. Control may be secured by the 
addition of enough chlorine to insure 
chlorination beyond the breakpoint at 
all times. 

Superchlorination may sometimes be 
advantageously used, especially when 
conditions do not permit long detention 
periods. The disadvantages of super- 
chlorination are that large amounts of 
chiorine must be applied and that de- 
chlorination is necessary before the 
water may be drunk. 

Chlorine-chlorine dioxide treatment, 
the most modern of all chlorination 
processes, is a well established practice 
for treating waters containing phenolic 
materials, but it has also been used 
with success on other waters. It has 
been reported (5) that chlorine diox- 
ide has a disinfecting ability compara- 
ble to that of chlorine. Chlorine diox- 
ide can therefore be used as a disinfect- 
ing agent as well as a taste and odor 
removing agent, and one can make full 
use of chlorine application for re- 
moving tastes and odors and obtain 
further reduction by the addition of 
chlorine dioxide. Thus, certain chloro- 
derivatives and other odorous mate- 
rials not removed by chlorine may be 
reduced to odorless products with chlo- 
rine dioxide. 

A combination of the various chlo- 
rination methods may be applicable at 
individual plants and, if properly man- 
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aged, may reduce costs and improve 
effectiveness. For example, free re- 
sidual chlorination may be followed 
by chlorine-ammonia treatment in 
order to reduce the excess chlorine and 
provide a more stable residual in the 
distribution system. 


Mechanism of Taste and Odor Re- 
moval 


There is a mechanism common to 
all chlorination practices for taste and 
odor control. It has two major pur- 
poses: [1] to remove taste- and odor- 
causing substances by oxidizing them 
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Fig. 3. Flow Diagram of Typical Treatment Plant and Alternative Points of 
Application in Four Chlorination Processes 


Points of application are as follows: [1] chlorine-ammonia treatment—ammonia and 
chlorine at A, or ammonia at B and chlorine at C, or ammonia at E and chlorine at 
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The effectiveness of a chlorine re- 
sidual also depends on its concentra- 
tion during treatment. An increase in 
the amount of chlorine present in- 
creases the rate of the reactions and 
sometimes makes possible certain re- 
actions that would not otherwise occur. 
It should be pointed out, however, that 
the oxidation reactions should go to 
completion, because intermediate prod- 
ucts may only intensify taste and odors. 
A typical example of this is the devel- 
opment of chlorophenolic tastes and 
odors, which are well known in water 


treatment. 


To Storage and 
Distribution 
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Coagulants 
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F ; [2] free residual chlorination—chlorine at A, C, or D; [3] superchlorination and 
dechlorination—chlorine at C or D and dechlorination at E; [4] chlorine—chlorine 
dioxide treatment—chlorine at A and chlorine dioxide at E or chlorine at C and chlo- 


to odorless and tasteless products, and 
[2] to control the growth of odor- 
causing algae and microorganisms dur- 
ing treatment and distribution. 

The efficiency of chlorine in the oxi- 
dation of tastes and odors and in stop- 
ping microorganism growth depends 
on the form of chlorine residual pres- 
ent. A free chlorine residual is many 
times more effective than a combined 
chlorine residual, but less effective 
than chlorine dioxide, which is re- 
ported to have 2} times the oxidation 
capacity of chlorine. 


rine dioxide at F. 


Other factors to be considered in 
the design of taste and odor removal 
facilities include the quality of the 
water under treatment (especially pH, 
temperature, and the quantity and type 
of organic matter), the detention times 
that can be provided, and other proc- 
esses involved in the plant operation. 


Points of Application 


In the water treatment plant there 
are a number of points at which chlo- 


rine and other chemicals may be ap- 
Dis- 


plied for taste and odor control. 
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infection is usually practiced jointly 
with taste and odor control. In se- 
lecting the proper points of application, 
one should consider local conditions as 
well as other factors: [1] the necessity 
for adequate detention time and opti- 
mum pH conditions; [2] the need for 
control of algal and microbiological 
growths throughout the plant, as the 
growths may intensify tastes and 
odors ; and [3] the possibility of corre- 
lation of taste and odor control meth- 
ods with conventional treatment proc- 
esses, such as coagulation, by injection 
of chemicals at the proper points. 

In Fig. 3 a schematic flow diagram 
of a treatment plant employing taste 
and odor control is shown. This di- 
agram includes presedimentation and 
is most typical of plants treating Mis- 
souri River water. It is impractical 
to indicate all the points where chlo- 
rine and other chemicals for taste 
and odor control can be added, but 
the more popular alternatives are 
presented. 


Design Criteria 


Certain important factors that 
should be considered in the design of 
taste and odor removal facilities that 
use chlorine and its derivatives are: 


1. The quality of water (threshold 
odor, ammonia content, pollution, pH, 
and temperature ) 

2. The degree of treatment required 
to produce a palatable water 

3. The availability and cost of 
chemicals 

4. The most suitable chlorination 
process for the given conditions 
(Laboratory and pilot plant studies 
should be utilized for this purpose.) 

5. The proper points of application, 
which depend on the detention time 
required, the most effective use of 
other treatment processes, and the 


thorough mixing of the chemicals with 
the water 

6. The type, condition, and size of 
the distribution system 

7. The maximum level of chlorine 
residual that can be maintained with- 
out causing tastes and odors (The 
possibility of development of tastes and 
odors in the distribution system should 
also be considered. ) 

8. The accuracy, availability, and 
dependability of the control methods 

9. Overall cost considerations. 


The best solution to an individual 
problem can be found only through 
consideration of local conditions. To 
insure best results, laboratory tests 
should be made to evaluate the appli- 
cability of each process to the particu- 
lar water and plant. 


New Approach 


The increasing prevalence and se- 
verity of odor problems in water sup- 
plies are evidence that a fresh approach 
is necessary. In the past, taste and 
odor problems and disinfection have 
commonly been handled together. A\l- 
though disinfection has been studied 
extensively, taste and odor problems 
have not. There is a need for further 
investigation of the effectiveness of 
chlorination practices in removing 
odors. 

Two major investigations are now 
in progress at the sanitary engineering 
laboratories of Washington University. 
First, studies are being made of or- 
ganic material of taste and odor sig- 
nificance extracted from raw and fin- 
ished Missouri River water. Second, 
the effectiveness of certain chlorination 
practices in removing substances caus- 
ing tastes and odors is being investi- 
gated. It is believed that these studies 
will eventually make it possible to de- 
fine taste and odor problems and will 
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provide a sound basis for their final 
solution. 

Laboratory investigations to evalu- 
ate certain chlorination practices in 
solving the problem of taste and odors 
have been made possible by the spon- 
sorship of the St. Louis County Water 
Co. These studies are concerned prin- 
cipally with the rate and degree of 
removal of ammonia, organic nitrogen, 
phenol, and organic extracts when 
chlorine or chlorine dioxide is used as 
the oxidizing agent. Simplified water 
systems and actual Missouri River 
water systems have been used. The 
parameters studied include: threshold 
odors, ammonia and organic nitrogen 
content, chemical oxygen demand, and 
carbon content. 


Conclusions 


Chlorine and its derivatives have 
been reported to remove tastes and 
odors from water supplies with various 


degrees of success. Certain design cri- 
teria are important in the application 
of chlorination techniques for taste and 
odor control. Further evaluation of 
the use of chlorine and its derivatives 
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in removing tastes and odors from 
water supplies is needed. A new ap- 
proach in which direct parameters are 
used is recommmended. 
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Removal of Hydrogen Sulfide From a Ground 
Water Supply 


Leonard L. Sammons 
A paper presented on Apr. 23, 1959, at the Kansas Section Meeting, 


Pittsburg, Kan., by Leonard L. Sammons, Chief Chemist, Sammons 


Medical Lab., Pittsburg, Kan. 


LTHOUGH the appearance of 
hydrogen sulfide as a natural 
constituent of a ground water supply 
is not a common problem, it is an im- 
portant one in certain areas. Pitts- 
burg, Kan., located in the midst of a 
coal-mining area, obtains its raw 
water from deep well sources pumped 
through shale, sulfur deposits, and 
some sandstone formation. In _ the 
water of this city, the presence of hy- 
drogen sulfide is significant. Little 
information, however, is available on 
ways to eliminate its effects. 


Properties 


Hydrogen sulfide is one of the many 
naturally occurring sulfur compounds. 
It is commonly identified as the sub- 
stance that gives off an odor of rotten 
eggs and turns silverware black. It 
is a colorless gas, heavier than air, and 
moderately soluble in water (about 
twice as soluble as carbon dioxide). 
In conceatrated form it is poisonous 
if inhaled. A dose of 1 part hydrogen 
sulfide per 20,000 parts of air causes 
marked symptoms in human beings, 
such as nausea, headaches, and dizzi- 
ness. A stronger dose of 1 part hy- 
drogen sulfide per 1,000 parts of air 
results in a rapid loss of consciousness. 

The main reason for removing hy- 
drogen sulfide from drinking water is 
because of its offensive taste and odor. 
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Another reason is that water with a 
fairly high hydrogen sulfide content is 
very corrosive to most surfaces with 
which it comes in contact, including 
stainless steel surfaces, which are not 
usually subject to corrosion. 


Aeration 


In dealing with the problem of re- 
moving hydrogen sulfide in the water 
treatment plant, it should be remem- 
bered that concentrations of gases nor- 
mally present in air will equalize with 
concentrations of the same gases dis- 
solved in water exposed to air for an 
appreciable period of time. The tem- 
perature of the water and the atmos- 
pheric pressure control the solubility 
of these gases. Aeration exposes a 
large surface of water to air and brings 
about the transfer and diffusion of 
gases. The intensity of the odor of 
hydrogen sulfide dissolved in water 
can be reduced by aeration. 

In the Pittsburg treatment plant, 
water enters an aeration chamber from 
the discharges of four wells. The 
pumps are alternated so that each well 
is pumped for a few hours each day, 
regardless of water demand. It has 
been found that a well not pumped 
each day for at least a few hours will 
build up a hydrogen sulfide content 
and accumulate black water in the well 
casing. Each discharge casing ex- 
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tends up into the air chamber for about 
10 ft. On the end of each casing large 
spreader heads have been installed. 
The chamber is so constructed that a 
blast of air is forced through the fall- 
ing water coming off these spreaders. 
This air is supplied by a 20,000-cfm 
fan with a wind tunnel connected at 
the base of the aeration chamber. The 
gas removed is exhausted through an 
opening at the top of the air chamber. 
The raw water coming in contains 
about 5 ppm hydrogen sulfide; aera- 
tion reduces it to about 1 ppm. Addi- 
tional aeration is accomplished by 
keeping the water in the clarifier at 
such a level that an even flow and drop 
over the weirs are obtained. Hydro- 
gen sulfide not removed in the air 
chamber is quickly oxidized to free 
sulfur by the dissolved oxygen in the 
aerated water. If the free sulfur is 
not removed, it may revert to hydro- 
gen sulfide through the action of cer- 
tain microorganisms. 


Coagulation and Sedimentation 


The coagulation and sedimentation 
resulting from the application of lime 
and alum bring the concentration of 
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hydrogen sulfide down to about 0.2 ppm 
on the top of the filters. But water 
containing as little as 0.2 ppm hydrogen 
sulfide not only has a bad taste and 
odor, but also causes difficulties in pho- 
tography shops. Photographic film 
washed with this water will be stained 
brown. 

The concentration of precipitated sul- 
fur is eventually reduced by filters and 
chlorine treatment to 0.0 ppm. When 
the chlorine concentration in the fin- 
ished water is kept between 0.15 and 
0.35 ppm, a zero reading for hydrogen 
sulfide is obtained, 

Prior to 1954, raw water from Pitts- 
burg wells was used to lubricate the 
pump rods. It was found that if the 
wells were down for 6 hr or more, the 
rods froze from the corrosive effect of 
hydrogen sulfide. This condition was 
brought about by the buildup of hydro- 
gen sulfide when the wells were not 
pumped, as mentioned before. All 
valves and grease were affected by this 
raw water. Since 1954, however, the 
use of raw water to lubricate pump rods 
has been discontinued; only treated 
water has been used. It is believed that 
this changeover has eliminated 50 per 
cent of the difficulty with pump rods. 
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Poisoning of Wild and Domestic Animals by a 
Toxic Waterbloom of Nostoc rivulare Kuetz 


Floyd F. Davidson 


A contribution to the Journal by Floyd F. Davidson, Prof., Dept. of 


Biology, Baylor Univ., Waco, Tex. 


This investigation was supported 


by Research Grant E-1429 (C2) from the National Institute of Al- 
lergy & Infectious Diseases, National Institutes of Health, USPHS, 


Washington, D.C. 


HE first recorded occurrence of a 
toxic waterbloom was described in 
1878 by Francis (1). He positively 
related the death of domestic animals 
to an algal bloom of Nodularia pumen- 
gia Mert from Lake Alexandria in 
southern Australia. During the fol- 
lowing 80 years, similar manifestations 
were reported from South Africa 
(2-7), Alberta (8, 9), Manitoba (10), 
Ontario (11, 12), Bermuda (13), and 
the United States. In the United 
States, studies of waterblooms and 
their relationship to illness and death 
among wild and domestic animals have 
been limited to those waterblooms 
found in the lakes of Michigan (14), 
Minnesota (15-22), North Dakota 
(23, 24), Iowa (25, 26), Montana 
(27}, Ohio (28, 29), Colorado (30), 
Kentucky (22), and Wisconsin (31). 
Human reactions attributed to water- 
blooms have been reported from West 
Virginia (32), national parks in the 
northwestern United States (33), and 
the District of Columbia (34). Re- 
actions to specific groups of algae were 
reported from Wisconsin (35, 36) and 
Pennsylvania (37). 

The literature contains no record of 
the occurrence of poisonous water- 
bloom in the southwestern United 
States. Doubtless, there have been 
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outbreaks of algal poisoning in central 
Texas that have not been reported. 
Although in this area, these water- 
borne organisms are considered neither 
a serious menace to livestock nor a 
public health problem, the potential 
economic loss and danger to mar 
from algal poisoning should not be 
minimized. 

Six genera of Cyanophyta are 
known to possess species that are toxic 
to wild and domestic animals: Micro- 
cystis, Anabaena, Aphanizomenon, No- 
dularia, Gloeotrichia, and Coelosphae- 
rium. Two of these genera, Micro- 
cystis and Anabaena, were implicated 
in human reactions (36, 37). Heise 
(35) attributed two cases of allergy 
to members of the subgroup Oscilla- 
toriaceae, the genera of which were not 
mentioned. According to Heise, these 
blue-green algae are injurious also to 
fish and livestock. Most human re- 
actions reported, however, were at- 
tributed to the general group of 
waterblooms. 

In most cases of animal reactions, 
the neuromuscular and respiratory sys- 
tems were involved. Manifestations in 
man were in the form of local allergic 
eruptions, systemic allergic reactions, 
or dysenterial disorders. Laboratory 
investigations have been limited prin- 
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cipally to studies on the morphologic 
changes produced by poisonous algae 
and to the establishment of the mini- 
mal lethal dose for certain laboratory 
animals. A few attempts have been 
made to isolate and characterize the 
toxins (2, 18, 22, 38-40). There are 
limited quantitative data on the rela- 
tionships of different cyanophycean 
genera to illness or death of animals. 
Such additional data are necessary in 
order to present an overall picture for 
the United States (29). 

This article describes an outbreak in 
Texas of algal poisoning attributed to 
Nostoc rivulare Kuetz,* an alga here- 
tofore considered to be nontoxic. Wild 
and domestic animals that drank pond 
water containing a heavy accumulation 
of this alga became ill or died. Quan- 
titative data on some of the physi- 
ologic effects of N. rivulare Kuetz 
or its extract on albino mice are also 
presented. 


Field Observations 


In August 1956, 1957, and 1958, a 
luxuriant waterbloom appeared on a 
stock pond near Waco, Tex. The 
pond, which had no outlet, stored the 
runoff water from a nearby dairy and 
poultry farm. The temperature of the 
water was 30°-35°C, the pH was 
78-9, and the maximum depth of the 
water was 20 ft. Livestock and wild 
animals waded in the shallow areas 
where the suspended algae were con- 
centrated into a jelly-like mass ap- 
proximately 15-20 cm in depth. Nu- 
merous dead fish and frogs were ob- 
served along the waterline near the 


*Tdentification made by Francis Drouet, 
Cryptogamic Herbarium, Chicago Natural 
History Museum, Chicago, Ill. (Present 
address: Department of Biology, Highlands 
University, Las Vegas, N.M.) 
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heaviest bloom (Fig. 1, top). Others 
floated on the surface and appeared to 
be intoxicated. Chickens, ducks, tur- 
key, and cattle that drank the algae- 
infested water died within a few hours 
or became acutely ill. The accompany- 
ing symptoms, which included restless- 
ness, repeated swallowing, blinking of 
the eyes, and convulsions, were similar 
to those that have been described for 
a number of toxic waterblooms. The 
concentration of N. rivulare in the 
bloom was extremely high, with almost 
complete exclusion of plankton. 

Microscopic examinations of the in- 
testinal content of dead frogs and fish 
for the presence of N. rivulare were 
negative. The intestinal tract of fowl, 
however, contained large quantities of 
the alga. No autopsies were made on 
mammals in the field. 

In order to test the toxicity of the 
fresh algae, 2 ml of the heavy suspen- 
sion was injected intraperitoneally into 
each of five albino mice in the labora- 
tory. The symptoms manifested by 
the mice, though more acute, were 
similar to those described for mammals 
in the field. All the mice died within 
2 hr. 


Laboratory Studies 


The purpose of the following labora- 
tory test was to obtain quantitative 
data on some of the physiologic ef- 
fects of crude N. rivulare or its extract 
on albino mice. The mice used were 
of either sex and of indeterminate 
strain. They were maintained on spe- 
cial feed + in a room thermostatically 
controlled at 22°-24°C. At the begin- 
ning of the experiments, the mice were 


86-88 days old and weighed 30-35 g. 


+ Purina Laboratory Chow, a product of 
Ralston Purina Co., St. Louis, Mo. 
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Algal Extracts 


Preparation. Masses of N. rivulare 
comprising the waterbloom were trans- 
ferred to the laboratory and fan-dried 
at a temperature of 30°C for 24 hr, 
powdered in a power blender, and 
stored in sealed containers at room 
temperature (41). The algae thus 
prepared retained their toxicity for 
more than 3 years. 

The three extracts tested were pre- 
pared from preserved algae. These 
preparations were designated as: [1] 
crude extract, [2] aqueous extract, and 
[3] aqueous filtrate. Crude extract 
was prepared by bali milling a sample 
of preserved algae that were dry for 
12 hr and in twice-distilled water for 
1 hr. The mass was further reduced 
in a tissue grinder to a finely dis- 
persed homogeneous suspension. The 
amount of the toxic factor in the ex- 
tract was unknown. Hence, its con- 
centration could be expressed only as 
the weight of the algae per volume of 
solvent used. The crude extract was 
not bacteria free. 

For the preparation of aqueous ex- 
tract and aqueous filtrate, previous 
procedures were followed (41). Sam- 
ples of these extracts tested on nutrient 
media for the presence of bacteria were 
negative. 

Administration. The first series of 
tests was designed to determine the 
effects of the three extract prepara- 
tions on albino mice when adminis- 
tered orally with food or drink, in- 
jected intraperitoneally or subcutane- 
ously, or applied externally to the skin. 

Crude extract was prepared at a 
concentration of 10 mg of algae per 
1 ml of water. Three mice that had 
been deprived of water for 2 days were 
given the extract as the only drink for 
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21 days. A mixture of 10 ml of crude 
extract and 10 g of laboratory animal 
feed was fed to three other mice for 
21 days. The algae-treated food and 
water were ingested as readily as the 
untreated. 

Each of six mice was injected with 
2 ml of crude extract—three mice 
intraperitoneally and three subcutane- 
ously. A shaved area, 3 cm in diame- 
ter, on the backs of three mice was 
treated with the crude extract at inter- 
vals of 2 hr for a period of 12 hr. 

Corresponding concentrations of 
aqueous extract and aqueous filtrate 
were administered in the same manner 
as the crude extract. Sterilized sy- 
ringes and needles were used through- 
out. Controls were provided for each 
test. All experimental animals and 
controls were observed continuously 
for 24 hr and at 12-hr intervals there- 
after. The results of these tests, 
shown in Table 1, indicate that the 
extracts (in the dosage given) were 
nontoxic when administered in food 
or drink. Fitch and colleagues (18) 
observed that fresh samples of Micro- 
cystis and Anabaena, when adminis- 
tered in food, produced death in labo- 
ratory animals in a short time. When 
the algae were dried, however, it was 
practically impossible to destroy an 
animal by such feeding, but it could 
be destroyed quickly by intraperitoneal 
inoculation of the same dosage. 

Reactions. The reactions of the 
mice to intraperitoneal injections of 
lethal doses of crude extract were uni- 
form. There was a latent period of 
approximately 30 min, followed by 
restlessness and jerky body motions. 
No food or water was taken, and no 
defecation or urination was observed. 
There was evidence of blindness, ac- 
companied by moderate lacrimation 


‘i 
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Fig. 1. Effects of Nostoc rivulare or Its Extract on Fish, Frogs, and White Mice 


Top: Frogs and various kinds of fish killed by fresh N. rivulare in an open pond. 
Center: Atrophy of the left eye of a mouse after an intraperitoneal injection with 


aqueous extract of N. rivulare. Within 2 weeks, the eye began to atrophy, and by 

the end of the third week, it had completely degenerated. Bottom: Evisceration and 

necrosis of the skin of a mouse after an intraperitoneal injection with crude extract of 
N. rivulare. 
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and rapid twitching of the eyelids. 
The final stage was characterized by 
a stiffening of the limbs, swelling of 
the abdomen, convulsions ending in 
prostration, rapid breathing, and death. 
At the time of death, the entire body 
was extremely rigid; relaxation never 
occurred. 

Autopsy within 5 min after death 
revealed the accumulation of a 
greenish-yellow liquid in the lungs and 
peritoneal cavity. The intestinal tract 
was filled with hard, partially digested 
food. The urinary bladder was empty, 
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water were then taken, defecation and 
urination were observed, and normai 
sight was apparent in most animals. 
The animals appeared to be normal, 
except for their swollen abdomens and 


ruffled fur. Evisceration occurred in 
two of the animals approximately 24 
hr after the injections. The muscle 
wall of the abdomen was ruptured and 
the injected algal material and the 
accumulated abdominal liquid were re- 
leased into the subcutaneous tissue. 


Necrosis of the skin occurred (Fig. 1, 
bottom), 


followed by  evisceration 


Method of 


Administration* Crude Extract 


| 


Aqueous Extract Aqueous Filtrate 


Drink hair ruffled, nervous- 
ness 
Food hair ruffled, nervous- 


ness 

2 eviscerations at 24 
hr; 1 death at 6 hr; 
all dead within 48 hr 

3 with tumors on 
shoulders at 3 mo 

heavy scales at 24 hr, 

scales shed at 96 hr 


Intraperitoneal 
injection 


Subcutaneous 
injection 
Cutaneous application 


no symptoms no symptoms 


no symptoms no symptoms 


3 with tumors 
shoulders at 6 mo 


nervousness in 2; 1 
with atrophied eye 
at 21 days 

hair ruffled, nervous- 
ness 


on 


hair ruffed, nervous- 
ness 
no symptoms 


no symptoms 


and the kidneys were light in color. 
The liver and spleen were enlarged 
and hard; and there was an odor of 
putrefaction. 

Various reactions were observed in 
mice injected intraperitoneally with 
sublethal doses of crude extract. All 
cases showed restlessness, impairment 
of the urinary and digestive functions, 
excessive blinking of the eyes, and 
poor vision. The abdomen was swol- 
len and the fur ruffled. No food or 
drink was taken. These symptoms 
diminished after 8-10 hr. Food and 


* The control mice, administered distilled water with each method, showed no symptoms. 


through the ruptured musculature. 
One of the mice lived for 48 hr after 
evisceration. Its death was apparently 
the result of bacterial infection of the 
extruded viscera. The second mouse 
was killed. The left eye of one mouse 
injected with a sublethal dose of aque- 
ous extract showed signs of atrophy 
within 2 weeks, and by the end of 3 
weeks, the eye had completely degen- 
erated (Fig. 1, center). Animals that 
survived the immediate effects of intra- 
peritoneal injections of aqueous ex- 
tract or subcutaneous injections of 
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crude extract, developed large tumors 
on their shoulders and backs within 3 
months and died within 9 months. 
The remainder of the experimental 
animals showed no reactions. 
External applications of crude ex- 
tract produced heavy scales on the 
shaved skin of the mice. The scales 
were shed in 4 days, and the hair grew 
again within a few weeks. External 
applications of aqueous extract or 
aqueous filtrate produced no ill effects. 
Shaved, untreated skin remained 
normal. 


Toxic Factor 


Heat stability. Duplicate series of 
crude extract were prepared in water 
as described previously, each series 
containing eight concentrations: 0.08, 
0.40, 1.20, 1.60, 2.00, 4.00, 6.00, and 
8.00 mg of algae per 1 ml of water. 
One series was autoclaved at 15 psi 
of pressure for 20 min; the other series 
was employed unautoclaved. Each of 
eight mice was weighed and given an 
intraperitoneal injection of 2 ml of one 
of the concentrations in the autoclaved 
series. Eight mice were likewise in- 
jected with the unautoclaved series. 
The ratios of the weight of algae used 
to the weight of the mice in each series 
were: 0.0231, 0.0534, 0.0742, 0.0933, 
0.1300, 0.3600, 0.4100, and 0.5400 mg 
of algae to 1 g of body weight. Each 
of three mice was injected intraperi- 
toneally with 2 ml of sterile distilled 
water; these mice were used as con- 
trols. The results of the tests are 
shown in Table 2. 

The minimal lethal dosage in the 
unautoclaved series was 0.0933 mg of 
algae per 1 g of body weight. Sub- 
lethal doses produced symptoms of 
algal poisoning that subsided, after 
which the animals recovered. Tumors 
appeared on the shoulder and abdomi- 
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nal regions of the mice within 6 
months. Dosages of, or greater than, 
0.0933 mg of algae per 1 g of body 
weight killed mice in 15-60 hr, de- 
pending on the concentration of the 
injections. Mice injected with dis- 
tilled water showed no symptoms. 
Those injected with the autoclaved 
series of concentrations also showed 
no symptoms. 

Under the conditions of these tests, 
therefore, it may be stated that the 
toxic factor is unstable when auto- 


TABLE 2 


Effects of Unautoclaved Nostoc rivulare 
Crude Extract* on Albino Mice 


Algae Al 

c gae 

tration | Dosaget Effects 

body weight 

0.08 0.0231 typical symptoms of 
0.40 0.0534 | algal poisoning; all 
1.20 0.0742 survived, all with 

tumors at 3 mo 

1.60 0.0933 death at 60 hr 
2.00 0.1300 death at 23 hr 
4.00 0.3600 death at 15 hr 
6.00 0.4100 death at 26 hr 
8.00 0.5400 death at 15 hr 


* Both the autoclaved crude extract and the distilled 
water given to controls had no effect. 
t Administered by intraperitoneal injection. 


claved and that the minimal lethal 
dosage in mice is 0.0933 mg of algae 
per 1 g of body weight. 

Origin. Bishop and associates (42) 
and Hughes and associates (43) de- 
tected a slow-death factor in cultures 
of Microcystis aeruginosa that they 
atttributed to bacterial contaminants. 
This factor is in addition to the fast- 
death factor that was found to be algal 
in origin. To determine whether the 
bacterial associates of N. rivulare ex- 
hibited toxic properties, mixed cultures 
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of these bacteria were established in 
standard nutrient broth, 12-hr cultures 
were centrifuged, and the heavy layers 
of bacteria were removed and washed 
in two changes of normal saline. The 
bacteria from two cultures were com- 
bined and mixed with 3 ml of normal 
saline. A suspension of 2 ml of the 
living bacteria in normal saline was 
injected intraperitoneally into each of 
three mice. Bacteria from the remain- 
ing two cultures were combined and 
suspended in 3 ml of 70 per cent alco- 
hol and allowed to stand for 1 hr. 
After the suspension was centrifuged, 
the bacteria were washed in two 
changes of and suspended in 3 ml of 
normal saline. Tests for living bac- 
teria at this stage were negative. 
Then, 2 ml of the dead bacteria sus- 
pended in normal saline was injected 
intraperitoneally into each of three 
mice. The mice showed no symptoms, 
indicating that bacterial associates of 
N. rivulare had no toxic properties. 

The toxicity both of crude extract 
of N. rivulare containing living bac- 
terial associates and that containing 
dead bacteria was also tested. A total 
of 15 mg of preserved algae was 
ground in a ball mill and suspended 
in 3 ml of normal saline by means of 
a tissue grinder. Then, 2 ml was in- 
jected intraperitoneally into each of 
three mice. In addition, 15 mg of 
preserved algae was ground in a ball 
mill and supended in 3 ml of 70 per 
cent alcohol for 8 hr. The alcohol was 
evaporated at reduced pressure, and 
the residue was suspended in 3 ml of 
normal saline. After tests on nutrient 
media showed the suspension to be 
free of living bacteria, 2 ml was in- 
jected intraperitoneally into each of 
three mice. 

Crude extract, with a concentration 
of 5 mg of algae per 1 ml of water, 
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that contained living or dead bacterial 
associates was lethal. Extract with 
living bacterial associates produced 
typical symptoms of algae poisoning in 
mice, with one death at 18 hr and two 
deaths within 19 hr. Extract with 
dead bacterial associates likewise pro- 
duced symptoms of algae poisoning, 
with one death at 6 hr and two at 8 hr. 
Treatment of the algae with alcohol 
could have rendered the toxic factor 
more soluble in water, and conse- 
quently more readily absorbed by the 
body. These tests show that there is 
no slow-death factor in N. rivulare and 
that the toxic factor is algal in origin. 


Physiologic Changes Produced by N. 
rivulare 


The general symptoms of algal poi- 
soning reported include hypothermia, 
hyperglycemia, tachycardia, and a 
number of other physiologic changes. 
Quantitative data relative to these 
changes, however, are not included in 
the literature. 

Each of fourteen mice was given an 
intraperitoneal injection of a lethal 
dose of crude N. rivulare. Two mice 
were kept as untreated controls. Six 
treated mice were examined through- 
out the tests for changes in body tem- 
perature, rate of heartbeat, and res- 
piration rate at 6-, 8-, and 10-hr 
intervals after injection. Six were 
subjected to blood tests and urinalysis. 
The results of these tests are shown in 
Tables 3 and 4. 

During the first 10 hr after injec- 
tion, body temperature dropped 20.8°F. 
The rate of heartbeat, measured by an 
electrocardiograph, was reduced by 
180 beats per minute. The respiration 
rate increased by 60 per minute. Al- 
though some authors (44) indicated 
an increase in blood sugar in many 
animals as a result of algae poisoning, 
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in the present tests there was a de- 
crease in blood sugar of 19 mg/100 ml 
blood after the 10-hr interval. The 
Folin-Wu method (45) was used for 
determination of blood sugar. The 
blood coagulation time was reduced 
from 5 min to 3 min. Red blood cell 
counts were successfully made on the 
controls and treated animals at the end 
of 6 hr, at which time the count was 
reduced by 2,500,000 red cells per 1 
ml of blood. 

The results of these tests coincide 
with the general symptoms of algal 
poisoning reported for other animals, 
with the exception of the blood sugar 


TABLE 3 
Physiologic Effects of Intraperitoneal 
Injections of Nostoc rivulare Crude 
Extract on Albino Mice 


| Body | 
Ne’ | | Tempera | | Respir 
Mice hr | beats, rate/min 
8 | Untreated | 98.8+0.8 | 720+2 | 160+1 
6 6 (94.541 | 66041) 17542 
6 8 | 86.0+-0.9 | 600+2 | 18843 
6 10 


76.0+0.8 | 540+1 | 220+1 


experiments. Repeated tests on in- 
jected mice, however, confirmed the 
above results. 


Discussion 


These field observations and labora- 
tory tests describe the toxic properties 
of Nostoc rivulare, adding another 
genus to the six Cyanophyta already 
known to possess toxic species. The 
plant mass of this species is relatively 
large, gelatinous, and fragile. In the 
early stage of formation the mass is 
spherical, but later becomes torn and 
irregularly expanded. The filaments 
are flexuous and loosely entangled. It 
is distinguished from its near relatives 
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by the shape of the gonidia and by the 
size of its trichomes (46). 

It is well known that runoff water 
from agricultural areas, such as that 
stored in the pond referred to under 
“field observations,” is rich in nitrogen 
and phosphorus compounds (47). 
The temperature, pH, and chemistry 
of the drainage water, combined with 
other favorable ecologic conditions, 
were apparently ideal for the luxuriant 
growth of N. rivulare. Other bodies 
of water that received runoff water 
from nonagricultural land in the same 
area, however, did not develop 
waterblooms. 


TABLE 4 


Effects of Intraperitoneal Injections of 
Nostoc rivulare Crude Extract 
on Albino Mouse Blood 


No. | Time After | of Blood |Goasu-| Red Cell 
of Injection Sugar Time 1 aa P 
Mice hr ae So) ml min ml blood 
8 Untreated 125 5 8.5 
a 6 123 3 6.0 
2 | 8 | 108 3 
24 10 106 3 


The general symptoms of N. rivu- 
lare poisoning parallel the reported 
reactions produced by many other 
toxic cyanophycean species. The 
latent period following the ingestion of 
fresh Nostoc by wild or domestic ani- 
mals, or following intraperitoneal in- 
jections in mice, was longer than for 
other toxic species. The cause of 
death in piscian and amphibian life in 
the algae-infested water is difficult to 
determine. Some workers (47, 26) 
are of the opinion that the death of 
fish in heavy waterblooms is due to a 
decline in the dissolved oxygen or to 
hydroxylamine, a poisonous substance 
produced from the decay of certain 
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blue-green algae. There is also con- 
vincing evidence in the literature that 
fish are poisoned by toxic substances 
from some living blue-green algae or 
from their exudates, in which there is 
no indication of decomposition. In the 
present study, it is possible that any 
one or even a combination of factors 
could have been involved. Inasmuch 
as the fish and frogs had access to a 
large portion of the pond that was rela- 
tively free of suspended algae, and 
because a number of floating bass and 
crappie taken from this area exhibited 
symptoms of intoxication, it is more 
likely that they were poisoned by a 
toxic substance produced by the living 
algae. Schools of small catfish trapped 
in puddles along the shore as the water 
receded were intoxicated, although the 
concentration of algae was too low to 
influence the oxygen level appreciably. 
The absence of algae in the intestinal 
tract of the fish and frogs, however, 
would indicate that other factors might 
have been involved. 

In addition to the typical symptoms 
of algal poisoning, several other symp- 
toms were manifested by albino mice. 
Poisoning by other cyanophycean spe- 
cies did not affect urination or defeca- 
tion, while N. rivulare inhibited these 
processes. It is probable that the 
greenish-yellow liquid that accumu- 
lated in the abdominal cavity came 
from the surrounding organs and tis- 
sues. This would account for the fact 
that the liver was extremely hard; the 
intestinal tract was filled with hard, 
undigested food; and the urinary blad- 
der was empty. The function of these 
organs would thus be impaired. The 
loss of sight produced by lethal doses, 
the atrophy of the eye by a sublethal 
dose, and the paralysis of the hind- 
quarters indicate the presence of a 
neurotoxic substance in N. rivulare. 
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Summary 


The poisoning of wild and domestic 
animals by a waterbloom of Nostoc 
rivulare Kuetz from a pond in central 
Texas has been described. Cattle, fish, 
frogs, and fowl that drank the water 
containing a heavy growth of the alga 
became acutely ill, and many died 
within a short period of time. Most 
of the accompanying symptoms were 
similar to those described for a num- 
ber of other toxic waterblooms. Intra- 
peritoneal injections of albino mice 
with fresh algal material or with ex- 
tracts prepared from preserved mate- 
rial produced symptoms that were uni- 
form. The characteristic symptoms 
were restlessness, increased respiratory 
rate, renal and intestinal disorders, de- 
crease in blood sugar, decrease in blood 
coagulation time, decrease in red blood 
cell count, increase in the rate of heart 
beat, and paralysis of the hindquarters. 
Subcutaneous injections resulted in 
complete necrosis of the abdominal 
wall, including the skin. The mice 
that survived developed tumors on the 
shoulders; two experienced eviscera- 
tion; and the eye of one completely 
atrophied. 

The minimal lethal dosage of the 
fresh alga was found to be 0.0933 
mg/1 g of body weight in mice. The 
toxic factor was soluble in ethanol or 
water and was rendered inactive when 
autoclaved at 15 psi pressure for 20 
min. It affects the neuromuscular and 
respiratory systems of albino mice. 
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1955-56 Infectious Hepatitis Epidemic 
in Delhi, India 
Joseph M. Dennis 


A paper presented on Jul. 13, 1959, at the Annual Conference, San 
Francisco, Calif., by Joseph M. Dennis, San. Engr., Region VII, 


USPHS, Dallas, Tex. 


N explosive epidemic of infectious 

hepatitis started in Delhi, India, 
during the first week of December 
1955, and lasted about 6 weeks, reach- 
ing its peak on Dec. 27. It was the 
largest epidemic of infectious hepatitis 
that has ever occurred. Because of 
the magnitude of the outbreak, a spe- 
cial study was made to determine its 
cause and actual extent. A committee 
appointed to investigate the outbreak 
issued a report in which the source 
of the epidemic was given as the Delhi 
treated water supply. An extensive 
series of articles on the epidemic was 
published as a special issue of the /n- 
dian Journal of Medical Research (1). 
As these publications may not be read- 
ily available, the salient features of the 
epidemic are summarized from the 
above references. 

This was the first well documented 
epidemic of infectious hepatitis in- 
volving a treated water supply, al- 
though a number of smaller outbreaks 
of the disease have been attributed to 
untreated well and surface supplies. 
The epidemic should thus be of un- 
usual interest to sanitary engineers 
and water utility operators. What cir- 
cumstances in Delhi in late 1955 made 
this outbreak possible? What precau- 
tions are necessary to prevent a 
recurrence ? 
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Severity of Epidemic 


Although infectious hepatitis was 
not a reportable disease in 1955, it 
was known to be highly endemic with 
an annual morbidity rate in India of 
the order of 300-400 cases per 100,000 
population per year (1). The rate in 
the United States is somewhat less 
than 20 per 100,000. The 1955-56 
outbreak was explosive and the epi- 
demic curve was characteristic of a 
common source infection. Some 7,000 
cases were reported to the health au- 
thorities during the epidemic, and a 
sample survey indicated that the total 
number of cases of jaundice must have 
been in the neighborhood of 29,300 in 
a total population of 1,700,000. The 
authorities estimated the total number 
of infections at 1,000,000. The distri- 
bution of reported cases in the several 
political entities which comprise Delhi 
(Fig. 1) together with the source of 
water supply are shown in Table 1. 

From an inclusive study of the evi- 
dence, the epidemiologists and the of- 
ficial investigating committee found 
that the outbreak was caused by heavy 
contamination of the raw water of 
the Chandrawal treatment plants dur- 
ing Nov. 10-16, 1955. The fact that 
no undue incidence of typhoid or dys- 
entery occurred during this period 
indicated that the water treatment 
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processes were adequate to deal with 
bacterial pathogens but not adequate 
to remove or kill the virus of infec- 
tious hepatitis. Table 2 shows the 
incidence of enteric diseases among 
government employees and their fami- 
lies in Delhi from July 1955 to June 
1956. 


Water Sources 


Water for Delhi is taken from the 
Jumna River, which has its head 
waters in the Kallash Range of the 
Himalaya Mountains. The Jumna 
River flows south through the state 
of Punjab, then eastward to join the 
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The chemical and __ bacteriological 
quality of the Jumna River water is 
not materially different from that of 
American surface streams. Table 3 
gives data on the general quality of 
these waters during the year. 

The water is treated in three filtra- 
tion plants before distribution. The 
first plant, called Chandrawal No. 1, 
began operation in the early 1920's. 
In 1953, Chandrawal No. 2 was built 
near Chandrawal No. 1 on a site that 
permits expansions as demand for 
water increases. A small plant was 
built about the same time at Okhla 
in South Delhi by the ministry of re- 


TABLE 1 


Distribution of Reported Cases During Infectious Hepatitis Epidemic, Delhi, 
Dec. 1, 1955—Jan. 17, 1956 


Water Source 


; 

Municipality | sy Cases per 1,000 
New Delhi | 300 4.1 
Delhi 
Notified Area 6.0 
South Delhi 106 0.7 
West Delhi 0.5 
Shahdara 0.4 


Chandrawal No. 
Chandrawal No. 
Chandrawal No. 
Okhla and wells 
wells and Chandrawal No. 1 
wells 


1 and 2 
1 and 2 
1 and 2 


Ganges River at Allahabad in the state 
of Uttar Pradesh. Records show that 
the flow of the Jumna River at Delhi 
has exceeded 200,000 cfs. Except for 
short periods during the monsoon sea- 
sons, in the spring and fall, the river 
flow varies between 200 and 3,000 cfs. 
During the irrigation season most of 
the flow of the river is diverted 180 mi 
above Delhi to the canal systems of 
Punjab and Uttar Pradesh. What 
flow there is at Delhi during these 
dry periods is return flow, ground 
water seepage, and excess of that re- 
quired for the canals. 


habilitation for a large number of refu- 
gees from East Pakistan. 


Wazirabad Intakes 


The Wazirabad raw-water intakes 
are located about 700 ft upstream from 
the Najafgarh Nallah. The latter is 
a small stream some 30 mi long and 
draining an area of about 200 sq mi. 
It receives sewage from about 40,000 
persons and industrial wastes from a 
DDT plant, a fertilizer plant, and a 
textile mill. Water flows by gravity 
from the intake structures to the 
pumping station, where it is lifted 45 
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ft to rectangular desilting basins. 
From the latter it flows through aque- 
ducts to the Chandrawal treatment 
plants. 

Since the 1930’s the water supply 
authorities have had considerable dif- 
ficulty after each monsoon period in 


Wazirabad ES 


City of Delhi, 
India 


Scale in miles 


Fig. 1. Jumna River Area, Delhi, India 


The falling stage of the Jumna River and 

the discharge of sewage from the Najaf- 

garh Nallah were the cause of intense 

pollution of the Delhi water supply and 

led to an epidemic of infectious hepatitis 

that raged from December 1955 on into 
January 1956. 


maintaining the channel to the Wazi- 
rabad intakes on the right bank of 
the Jumna River. Each year the Brit- 
ish engineers, and, later, the Indian 
authorities, conducted water across the 
sand bar to the raw-water pumping 
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station. It was found that the chan- 
nels could be more easily maintained 
if they were on the downstream side 
of the river intakes, as the river 
dropped most of its load of fine silt 
and sand when the current was 
changed by 180 deg. 

The difficulty of upstream channel 
construction and maintenance became 
critical when hand labor and mechani- 
cal dredging equipment could no 
longer keep up with the falling river 
stage. Channels that had been labori- 
ously opened during the daylight hours 
quickly silted up at night. In the fall 
of 1956 and summer of 1958 the raw- 
water pumps had to be stopped when 
water could no longer be kept flowing 
in the channels to the intake structure. 


Treatment Plants 


The original treatment plant at 
Chandrawal No. 1 consisted of slow 
sand filters. These were later con- 
verted to presettling tanks that were 
used only during the monsoon periods 
to settle out large amounts of fine 
sand. The plant, located 14 mi down- 
stream from the Wazirabad pumping 
station, was expanded several times 
until, in 1955, it was processing 42 
mgd. 

Alum solution was fed to the water 
from constant-head dosing tanks. The 
water was then discharged over a par- 
tially submerged measuring weir to 
long, rectangular, baffled coagulation 
channels. The detention period in 
these channels was rather short and 
variable, as most of the time they were 
largely filled with fine sand and silt. 
From the coagulation channels the 
water would flow through evenly 
spaced circular ports to sixteen rec- 
tangular, plain settling basins with a 
total surface area of 2.3 acres. The 
theoretical detention time of the basins 
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TABLE 2 


Typhoid, Dysentery, and Infectious Hepatitis 
Among Central Government Employees 
and Their Families in Delhi, 

July 1955—June 1956 


Cases Reported—No. 
Year and Month —_ 


Typhoid Dysentery | Hepatitis 
1955 
July 168 3,895 140 
August 220 4,557 129 
September 281 4,627 110 
October 240 4,202 78 
November 171 3,447 88 
December 215 3,602 1,478 
1956 
January 181 3,760 1,183 
February 133 3,422 140 
March 184 4,359 139 
April 182 4,573 62 
May 226 4,394 60 
June 206 4,376 | 36 


was 6.0 hr at a flow of 42 mgd, and 
the surface loading was 420 gpd/sq ft. 

The clarified water was then passed 
to twenty 20x 18-ft, ten 32 25-ft, and 
ten 19x23-ft, gravity rapid sand fil- 
ters. All filters were of much the 
same design. Siphon overflows and 
air agitation were included in the de- 
sign of the newer 32xX25-ft filters. 
The older, 20x 18-ft filters were not 
equipped with rate-of-flow indicators 
or loss-of-head gages. The rate of fil- 
tration in the newer filters could be 
changed by the lowering of a telescopic 
valve in the inspection chamber of 
each filter. The water level in these 
chambers controlled the rate of filtra- 
tion by means of float valves on the 
effluent lines. 

The filters generally had 24-30 in. 
of sand supported on a layer of graded 
gravel. The underdrains were con- 
structed either of cast iron or of 
asbestos-cement. The filters were de- 
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signed for backwashing at a 19-ipm 
rate of rise. Before being backwashed, 
the filters were expanded and agitated 
with compressed air to conserve wash 
water, but the operation had to be con- 
trolled carefully to prevent damage to 
the filters. 

The siphon overflows on the newer, 
32x 25-ft units drained off the last 
traces of turbidity before the filters 
were put back into service. The 
siphons were located about 4 in. above 
the unexpanded filter media and were 
used in conjunction with a low wash 
water rise of 8 ipm. 

Chlorination equipment in 1955 in- 
cluded two 96-lb/day, one 48-lb/day, 
and one 60-lb/day venturi gas ma- 
chines and one 80-lb/day unit. The 
chlorination facilities permitted a max- 
imum dosage of 1.08 ppm at 42 mgd. 
Chlorine was normally added to the 
filtered water only. If higher dosages 
were desired it was customary to 
place chlorine cylinders at several 
points in the plant and to bubble chlo- 
rine gas through the water in copper 
delivery tubes. This method of feed- 
ing chlorine was unsatisfactory, as it 
was not easily controlled and large 
amounts of chlorine were lost to the 
atmosphere. A 0.2-ppm dose of am- 
monia was formerly used in conjunc- 
tion with the chlorine to produce a 
combined chlorine residual. This 
practice was stopped in 1956. 


TABLE 3 


Quality of Jumna River at Wazirabad, 
January—September 1959 


Mini- Maxi- 


Item mum mum 
Turbidity—ppm 32 64 2,147 
Total alkalinity—ppm 609 123 139 
pH 78 8.2 8.7 
Coliform bacteria—MPN/ | 200 700 63,000 

100 ml 


= 

— 
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High-lift pumps at Chandrawal No. 
1 delivered the water to eighteen res- 
ervoirs located on the high ridge 
traversing Delhi from north to south. 
Water was delivered to consumers 
only from these reservoirs and not 
directly from the lines feeding the 
reservoirs. 

From distribution records it is be- 
lieved that the plant was treating 42 
mgd during November 1955. Except 
for the chlorination facilities, this plant 
would not have been considered over- 
loaded by American standards. 

The Chandrawal No. 2 water treat- 
ment plant, located % mi closer to 
Wazirabad, was placed in service in 
1953. Raw water was taken from the 
same aqueducts that serve Chandrawal 
No. 1. Alum feeding equipment was 
similar to that at Chandrawal No. 1. 

Mechanical flocculators provided in 
two rectangular tanks, each 19x 38x 16 
ft deep, were equipped with vertical 
shaft paddles, turned at 3 rpm. At 
18 mgd the detention time in these 
units was 20 min. 

Flocculated water was discharged 
through large rectangular ports to the 
two circular, mechanically cleaned 
settling basins. Flocculated water en- 
tered the tank tangentially near the 
bottom of the periphery and was re- 
moved from the top near the same 
point it entered. The basins were 110 
ft in diameter and 16 ft deep. At 18 
mgd the surface loading rate, a the- 
oretical detention period, and weir 
loading were 960 gpd/ft, 3 hr, and 
0.225 mgd/ft, respectively. 

The settled water was filtered in 
thirteen filters of the same design and 
size as the last ten filters at Chan- 
drawal No. 1. Filter rates were es- 
tablished by the designers at 1.6 
gpm/sq ft. The filter sand had an ef- 
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fective size of 0.5 mm and a uniform- 
ity coefficient of 1.58. 

Postchlorination and ammonia dos- 
ing machinery was of the same design 
as that provided for Chandrawal No. 
1. The chlorine feeding capacity at 
18 mgd was 0.64 ppm. 

The Okhla water treatment plant is 
located 16 mi downstream from the 
Wazirabad pumping station. The ma- 
chine provided at its prechlorination 
station was capable of delivering as 
much as 300 lb/day of chlorine to 2 
mgd, or 18.0 ppm. Postchlorination 


TABLE 4 


Chloride Content of Raw Water and Chemical 
Dosage at Chandrawal Treatment 
Plants, November 1955 


| 
| Combined 


Day of | Chlorides | Alum | Chlorine | “Chiorin= 

1-10 | 5.5-5.7| 64 | 0.5 0.25 
11 12.7 81 | 05 0.2 
12 25 41 0.63 0.2 
13 60 47 1.2 0.8 
14 80 44 1.9 0.7 
15 | 90 4 1.8 0.7 
16 | 61 52 2.6 0.7 
17 6.6 | 43 1.4 0.45 
18 6.6 | 14 0.6 0.3 

19-30 | 6.8-7.0/ 7.0-8.5| 0.5 | 0.2-0.3 


facilities could add an additional 24 
Ib/day of chlorine. No ammonia was 
used at this plant. 

The water was flocculated and set- 
tled in two circular upflow basins. 
These basins were truncated cones 
with top diameters of 40 ft and with 
bottom diameters of 36 ft. The basins 
were approximately 12 ft deep. Set- 
tled solids were continually removed 
by water flowing through 2-in. pipes 
evenly spaced around the bottom pe- 
riphery of the tanks. 
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Six rapid sand filters, each 1412.5 
ft, were installed. Both water and 
compressed air were used for cleaning 
the filters. No loss-of-head gages 
were provided. Filtration rates were 
fixed and controlled by float valves. 

During the first 2 weeks of No- 
vember 1955, the average prechlorina- 
tion dosage was approximately 3.2 
ppm and the postchlorination dosage 
varied from 0.3 to 0.5 ppm. 


Analyses 


Prior to 1956, the chemical analyses 
for all three treatment plants were de- 
termined in a laboratory at Chandrawal 
No. 1, where daily water examinations 
were made except on Sundays and holi- 
days. Routine chemical and physical 
tests were limited to alkalinity, pH, 
soap hardness, albuminoid nitrogen, 
turbidity, chlorides, oxygen consumed, 
and combined residual chlorine. Chlo- 
rine residuals were also measured at 
each plant by means of orthotolidine 
comparators. No effort was made to 
distinguish between free and combined 
chlorine. 

Bacteriological examinations of the 
finished water and of water at the ele- 
vated storage reservoirs were made 
daily by the Delhi State Health Serv- 
ices Laboratory, except on Sundays and 
holidays. Plate counts were made and 
MPN’s were determined for coliform 
bacteria by use of MacConkey’s me- 
dium. Unfortunately, no record is 
available of the bacteriological quality 
of the raw water prior to 1957. A bac- 
teriological laboratory was installed at 
Chandrawal No. 2 in 1957. 


Pollution During November 1955 


Following floods in October 1955, the 
Jumna River receded, and it was diffi- 
cult to maintain a channel to the Wazi- 
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rabad water intake. Sewage from the 
Najafgarh Nallah was greater than in 
previous years. 

Construction of a dike between the 
nallah and the intakes during falling 
river stages was difficult because of 
the lack of any exposed sand bar or 
ground to which an obstruction could 
be anchored. By Nov. 16, the river 
had fallen enough to permit completion 
of a dike, but this time the damage had 
been done. 

The chloride content of the raw water 
provided an indication of the degree of 
pollution by sewage from the nallah, 
Table 4 gives data from the plant rec- 
ords for November 1955. 

The chloride content of the sewage 
in the nallah was measured later and 
found to be 160 ppm. As this was the 
only source from which the chloride 
increase could come, the raw water 
might have been as much as 50 per cent 
nallah sewage on Nov. 14-15. 

The heavy pollution necessitated in- 
creases in the coagulant dose to main- 
tain good clarification. Chlorine feed 
was also increased. Table 4 contains 
figures from plant records on the chlo- 
ride content of the raw-water, alum 
dosage, chlorine feed, and chlorine 
residuals. 


Chlorine Residuals 


The chlorine residuals were neces- 
sarily combined residuals. The records 
do not show how long these residuals 
persisted. Chlorine residual measure- 
ments were normally made at the high- 
lift pumps and there would have been 
a nominal retention time of about 2 hr 
in the clear weli between the point of 
chlorine addition and the pumps. 
Additional contact time was provided 
between the pumping station and the 
elevated reservoirs, as all service was 
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provided from these tanks. No data 
are available on the chlorine residuals 
at the elevated tanks between Nov. 11, 
when two samples showed an average 
of 0.15 ppm, and Nov. 17, when three 
samples averaged 0.2 ppm of residual 
chlorine. It should be pointed out 
that, because the chlorine dosage dur- 
ing Nov. 13-17 exceeded the installed 
chlorine-feeding capacity, part of the 
chlorine was added to the water di- 
rectly as chlorine gas and was prob- 
ably only partially absorbed. 


Bacteriologic Quality 


The only information available on 
the bacteriologic quality of the fin- 
ished water is contained in the official 


report: 

There was a suspicion of some con- 
tamination of water in samples taken on 
Nov. 11, indicated by five or six lactose 
fermenters (coliform organisms, indicat- 
ing fecal contamination), but, as the con- 
trol also showed similar coliform organ- 
isms, the laboratory rightly considered 
that the technique of analysis was de- 
fective, probably on account of some- 
thing[’s] going wrong with the media 
used. Further samples from the same 
places were taken on Nov. 14, but they 
showed no evidence of contamination. 
Altogether it may be stated that, through- 
out the months of November, December, 
and January, the bacteriological analysis 
does not show any evidence of contami- 
nation and the standards of bacteriologi- 
cal purity laid down, that B. coli organ- 
isms should not exceed 2 per 100 cc, in 
filtered water, were fully complied with 
during this period. 


There is no information on the bac- 
teriologic quality of the water during 
Nov. 11-13, when pollution from the 
nallah was increasing steadily. The 
lack of an outbreak of typhoid or dys- 
entery following this heavy pollution 
is presumptive evidence that treat- 
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ment at the Chandrawal plants was 
effective in reducing bacterial concen- 
trations to safe levels. In view of the 
high endemic rates of typhoid and dys- 
entery, as shown in Table 2, it is in- 
conceivable that the causative organ- 
isms of these diseases were not present 
in the raw water during the period of 
heavy pollution. 

Throughout the period of heavy 
pollution, water of satisfactory clarity 
was produced. Taste and odor were, 
however, reported as being objec- 
tionable. 

As was pointed out earlier, the inci- 
dence of infectious hepatitis or other 
enteric disease in the population 
served by the Okhla water plant re- 
mained at normal levels. This intake 
is downstream from not only the Na- 
jafgerh Nallah but also from the Bara- 
pura Nallah, which receives consider- 
able sewage. In 1955, wastes from 
about one-third of the population of 
Delhi entered the river above the 
Okhla intake. 

It is not possible to compare the 
quality of the water at the Okhla in- 
take with that which reached the 
Chandrawal plants during the Novem- 
ber 1955 emergency. A large but un- 
determined quantity of dilution water 
enters the Jumna River between the 
Wazirabad intakes and the Okhla in- 
take. Flow patterns and water qual- 
ity at the Okhla intake were further 
influenced by operation of the gates 
of a nearby irrigation canal. Large 
amounts of infectious hepatitis virus 
must, however, have reached the Okhla 
plant—particularly during the epi- 
demic, when the Delhi sewage must 
have contained thousands of times as 
much virus as was present in the 
Najafgarh Nallah. 

Free residual chlorination, as prac- 
ticed at Okhla, was probably adequate 
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to inactivate the virus of infectious 
hepatitis, whereas the combined chlo- 
rine at the Chandrawal plants was not. 
It is quite possible that the infections 
were caused largely by water treated 
prior to Nov. 13, before chlorine doses 
and residuals were increased markedly. 
This outbreak does not provide un- 
equivocal evidence as to the viricidal 
effectiveness of combined chlorine. 


Administrative Difficulties 


Some of the difficulties at Delhi dur- 
ing the November 1955 emergency 
were due to administrative difficulties. 
The state of Delhi, similar to the Dis- 
trict of Columbia, was under direct 
control of the central government and 
administered through the home office. 
The engineer-secretary of the joint 
water and sewage board exercised 
complete technical and administrative 
control over water utility facilities and 
personnel. The ministry of health of 
the central government and the direc- 
tor of health services of Delhi acted in 
only advisory capacities on matters re- 
lated to health. 

The general manager of the Delhi 
water treatment plants and pumping 
stations had a B.S. degree in electri- 
cal and mechanical engineering. His 
duties consisted mainly of keeping ad- 
ministrative and operation records as 
well as supervising the repair and 
maintenance of electrical and mechani- 
cal equipment. 

The treatment plants were under 
the direction of a senior water analyst. 
with an assistant chemist at Chan- 
drawal No. 2 and a man with a sub- 
professional mechanical engineering 
degree at Okhla as plant supervisors. 
A majority of the plant personnel had 
neither formal training as water plant 
operators nor the equivalent of a high 
school education. Salaries were low, 
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and no formal training program for 
plant personnel was in effect. 

Communication between the various 
levels and groups was not always 
good. Bacteriological results from the 
health department laboratory were re- 
ported to the water utility officials only 
if adverse, and the health department 
received no reports of chemical analy- 
ses by the water plant analysts. In 
general, little use seems to have been 
made of laboratory findings in the con- 
trol of plant operations. 

Although in charge of all the 
water and sewage works, the engineer- 
secretary lacked authority and means 
to deal effectively with the hepatitis 
epidemic. Almost 2 weeks were lost 
before assistance could be obtained 
from other agencies. 


Changes Since 1955 


Delhi is a rapidly growing metro- 
politan area, and a number of changes 
and improvements have been made in 
the water system since 1955. These 
have included expansion of the Chan- 
drawal No. 2 plant from 21.6 to 66 
mgd and of the Okhla plant to 7.8 
mgd, provision of additional elevated 
storage and distribution lines, diversion 
of Najafgarh Nallah 2,000 ft further 
downstream, primary treatment and 
broad irrigation of 12 mgd of Nallah 
sewage, and interception of a large 
part of the sewage entering the river 
above the Okhla intake. 

Changes in operating procedures 
and methods which will increase the 
safety of the supply include provision 
of prechlorination at both of the Chan- 
drawal plants, discontinuance of the 
practice of adding ammonia, provision 
of chemical and bacteriological labora- 
tory facilities at Chandrawal No. 2 
plant, inauguration of training pro- 
grams for plant personnel, and gener- 
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ally greater concern with problems of 
water quality. 


Conclusions 


The epidemic of infectious hepatitis 
in Delhi in 1955-56 was caused by a 
combination of unfortunate circum- 
stances. The receding floods in the 
Jumna River permitted heavy contami- 
nation of the raw water at the Chan- 
drawal water treatment plants. At its 
worst the raw water may have con- 
tained as much as 50 per cent sewage. 

The high endemic rate of infectious 
hepatitis (approximately 20 times as 
great as in the United States) pro- 
vided a reservoir of infectious hepatitis 
virus of relatively high titer in sewage. 

Although the Chandrawal treatment 
plants had some deficiencies in design, 
they were able to produce well clarified 
water which was evidently bacteri- 
ologically safe, as there was no re- 
ported increase in typhoid and dys- 
entery above the high endemic levels 
following the heavy pollution. Disin- 
fection with low combined chlorine re- 
siduals was, however, evidently inade- 
quate to protect against the infectious- 
hepatitis virus. 


Abel Wolman 


Prof. of San. Eng., Johns Hopkins Univ., 
Baltimore, Md. 


The article by J. M. Dennis is an 
authoritative and detailed exposition 
of the known, or disclosed, features 
of what was perhaps the greatest epi- 
demic of waterborne infectious hepa- 
titis in recorded history. The epi- 
demic has been thoroughly explored, 
within the limitations of available local 
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The Okhla treatment plant, which 
also treated water containing abnor- 
mally high concentrations of infectious 
hepatitis virus, seems to have been 
able to produce safe water. This plant, 
unlike those at Chandrawal, used pre- 
chlorination to produce free chlorine 
residuals of 0.7 ppm. 

Although it is not possible to equate 
the degree of pollution at the Okhla 
plant with that at the Chandrawal 
plants, it seems probable that the lack 
of adequate chlorination capacity and 
the dependence on combined chlorine 
residuals for disinfection at the Chan- 
drawal plants were major factors in 
the epidemic. 
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reports on both the disease and the 
characteristics of the raw and finished 
waters. 

Definitive as the reports of Dennis 
and others in India and the United 
States are, they leave a number of 
questions unanswered, perhaps for- 
ever. To the water supply profession, 
the major significance of the Delhi 
epidemic is, of course, that it was pos- 
sible for it to occur in the second half 
of the Twentieth Century. Of equal 
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importance is the fact that the 1955-56 
conditions apparently recurred in 
1958. A major rise of disease was 
avoided by the discontinuation of sup- 
ply to the consumers during the haz- 
ardous period. 

Behind the more obvious features of 
the earlier epidemic, however, lie the 
unanswered questions of the maximum 
significance to the health officer, the 
water utility manager, and the public. 
The history and the epidemiology of 
the Delhi epidemic should provide the 
lessons, which, once learned, will help 
to prevent its repetition in India and 
elsewhere. Some of these lessons, 
both established and controversial, are 
briefly discussed below. 


Lack of Communication 


Both within the water supply agency 
and between that agency and the health 
department, lines of communication 
were either nonexistent or less than 
smooth. Some interdepartmental re- 
lations were scarcely friendly. When 
one considers that several distinct ad- 
ministrative units were responsible for 
the production of safe water, each 
essential to successful functioning, but 
each out of close contact with the 
others, it is surprising that the disaster 
was so long in coming. 

The resolution of these administra- 
tive competitions is now presumably 
well underway in India. This is not 
an inappropriate time, however, to re- 
flect upon similar, though latent, situ- 
ations at home. It may be well to take 
stock of conditions in the United 
States, where the long absence of 
waterborne disease may lull many a 
water producer into a state of lethargy. 
Already there are signs that water 
analyses are becoming so routine that 
even their scrutiny, either by the water 


or the health department, is less than 
careful. The mere accumulation of 
analytical data, without review and 
action, sometimes becomes an end in 
itself, rather than an effective means 
of control. 


Efficiency of Treatment 


It has been suggested that the Delhi 
epidemic may be a demonstration of 
the breakdown of orthodox treatment 
processes. The evidence for this 
highly important conclusion is still far 
from conclusive—for several reasons: 

1. Many reviewers of the Delhi epi- 
demic, including Dennis, suggested 
that the routine treatment processes, 
stepped up during the pollution of the 
raw water, produced water of an ac- 
ceptable bacterial quality during the 
critical weeks. Since the early reports 
of the epidemic, however, the writer 
has made strenuous efforts, by per- 
sonal communication with health au- 
thorities in India, to obtain an actual 
record of the bacterial quality. So far, 
no quantitative bacteriological data 
are at hand to justify the often re- 
peated contention that all was well as 
far as coliform-organism densities in 
the final product were considered. 
The evidence is either nonexistent or 
has still not been released 2 years after 
the event. 

2. In a well run water treatment 
plant, the appearance of raw water 
that is demonstrably half raw sewage 
would make necessary far greater 
chlorine and alum dosages than were 
applied at Delhi even toward the end 
of the pollution period. The increases 
in applied chlorine were delayed, slow, 
and inadequate. 

It is presumed that there was no 
increase in typhoid fever and the dys- 
enteries. This situation, if true, would 
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suggest that the treatment processes 
were adequate to prevent the other 
enteric diseases, but inadequate for 
infectious hepatitis. A much more 
intensive analysis of the disease situ- 
ation remains to be made before this 
conclusion is confirmed. Typhoid 
fever and dysentery cases occur in 
Delhi by the thousands each month. 
Reports are still less than complete, 
and any major increase may or may 
not be discernible once all the facts are 
known. 


Treatment and Hepatitis Virus 


The important scientific question as 
to whether the hepatitis virus escapes 
both filtration and adequate chlorine 
application in a water heavily polluted 
with sewage remains quite unanswered. 

Undoubtedly, this epidemic will give 
a much needed dramatic fillip to 
prompt and extensive research on the 
effect of water treatment on viruses. 
Well controlled, laboratory studies of 
the effect of chlorine on poliomyelitis 
virus have pointed to conclusions, at 
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the moment, quite at variance with 
those suggested by the Delhi reports. 

It is of interest to recall in this con- 
nection that in the earlier waterborne 
epidemics in the United States, such 
as in Detroit, Minneapolis, and Roch- 
ester, N.Y., thousands of dysenteries 
occurred with virtually no typhoid. 
In Delhi, the absence of both of these 
groups of diseases, if true, adds an- 
other mystery for the epidemiologist 
and the laboratory investigator to 
solve, 


Conclusions 


From the standpoint of the water 
supply profession at large, the Delhi 
epidemic simply adds another to the 
long list of severe waterborne epidem- 
ics. Each of them, though leaving 
many scientific questions unanswered, 
has shown that apathetic control, lack 
of hour-to-hour alertness, administra- 
tive jealousy and competition, and fail- 
ure to adjust promptly to catastrophic 
conditions are ever-present dangers to 
the public health. 
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Enteric Viruses in Water 


Norman A. Clarke and Shih Lu Chang 


A contribution to the Journal by Norman A. Clarke, Sr. Scientist, 
and Shih Lu Chang, Medical Dir., both of the Robert A. Taft San. 
Eng. Center, USPHS, Cincinnati, Ohio. 


N their discussion of the paper of 

Maxcy and Howe (/) on the sig- 
nificance of finding poliovirus in sew- 
age, Ridenour and Miller (2) made a 
statement: to the effect that, although 
it is not the intention of the public 
health engineering profession to cre- 
ate public alarm over the possibility 
of waterborne and sewage-borne polio, 
the profession would be failing to rec- 
ognize its responsibilities if it did not 
attempt to ascertain definitely whether 
virus disease might be so transmitted. 


Since that statement was published, 15 
years have elapsed, and during the in- 
terim only one outbreak of poliomye- 
litis in the United States (3) and one 
outbreak in Canada (4) have been at- 


tributed to contaminated water. Dur- 
ing the same period, however, infec- 
tions hepatitis has been established as 
a waterborne virus disease, and more 
than 70 newly discovered viruses have 
been added to the original list of en- 
teric viruses known to be present in 
the feces of man. Because of the re- 
cent outbreak of waterborne infectious 
hepatitis in New Delhi, India (5), 
and the recognition of the many new 
enteric viruses, it appears timely to 
review and record the present status 
of knowledge regarding the relation- 
ship of water to human virus dis- 
eases. This review will consider two 
main points: [1] the epidemiological 
implications of water supplies in the 


transmission of virus diseases, and [2] 
the adequacy of current water treat- 
ment methods in removing or destroy- 
ing viruses in water. 


Enteric Viruses 


The term “enteric virus,” as used 
in this article, includes all human 
viruses which are found in quantity 
in human feces and in sewage. As a 
matter of convenience, the enteric 
virus group can be divided into five 
major subgroups, as shown in Table 1. 
All enteric viruses share a number of 
common characteristics : 


1. They are excreted in feces in 
large numbers. Poliovirus, for ex- 
ample, has been reported in concen- 
trations as high as 100,000 virus units 
per gram of feces (6). 

2. They can be found in urban sew- 
age, particularly during the late sum- 
mer and early fall. 

3. Infection with many of these 
viruses is widespread in the normal 
population ; infection rates are highest 
in infants and young children. 

4. Illness, when it occurs with in- 
fection with one of these viruses, may 
be so mild as to be mistaken for a 
slight cold or, in rare cases, may be as 
severe as paralytic poliomyelitis. 


Proved waterborne outbreaks of 
enteric-virus disease have occurred 
only with the virus of infectious hepa- 
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titis; although outbreaks of poliomye- 
litis suspected of being waterborne 
have also been reported (3, 4), the evi- 
dence incriminating water supplies has 
been only circumstantial. There are 
no reports of waterborne outbreaks of 
diseases caused by Coxsackie, Adeno-, 
or Echo viruses. This may, however, 
be the result of the general lack of in- 
formation on the clinical illness that 
many of these viruses produce. It may 
also be a manifestation of the fact that 
of the known clinical illnesses produced 
by infection with these viruses, some 
illnesses are mild enough to be non- 
reportable, and—perhaps even more 
important—are accepted as mild and 
inevitable by many victims and there- 
fore not brought to the attention of the 
family physician. 


Poliomyelitis 


Kling (7) proposed his theorie hy- 
drique, or theory of the waterborne 
transmission of poliomyelitis, in 1929. 
The concept did not gain much sup- 
port until the late 1930’s and early 
1940’s, when poliovirus was discov- 
ered in the feces of ill persons, in ap- 
parently normal healthy individuals 
(8-13), and in urban sewage (14-18). 
Kling’s subsequent isolation of polio- 
virus from well water in 1939-40 (19) 
attracted little attention, probably be- 
cause of the unusual circumstances 
under which the virus was found—that 
is, on the day following the recognition 
of a clinical case of poliomyelitis in 
a member of the family using the well. 
The only reference made to water- 
borne poliomyelitis in the United 
States at that time was that of Paul and 
Trask (20). The frequent isolation 
of poliovirus from sewage discharged 
into the Naugatuck River (Connecti- 
cut) and the appearance of poliomye- 
litis cases downstream along the water- 
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course led these workers to suspect 
that a heavily polluted river was one 
of the many channels through which 
poliomyelitis may be spread in a 
community. 

Maxcy and Howe (1) pointed out 
that, from an epidemiological view- 
point, poliomyelitis did not behave like 
a waterborne disease, in that its inci- 
dence had not been correlated with 
poor drinking-water supplies, nor had 
explosive outbreaks of widely scattered 
cases occurred in cities with municipal 
water supplies. A recent report of an 
explosive outbreak of poliomyelitis in 
Canada (4), however, had both of the 


TABLE 1 


Human Enteric Viruses and Diseases 


Major Disease 
Subgroup 
| infectious hepatitis 
(yellow jaundice) 


Infectious 
hepatitis 

Coxsackie 
Group A 


Group B 


herpangina; aseptic 
meningitis 
pleurodynia; aseptic 
meningitis 
paralytic poliomyelitis; 
aseptic meningitis 
respiratory infection; 
| eye infection 
| aseptic meningitis; summer 
rash; diarrheal disease 


Poliovirus 
Adenovirus 


ECHO 


characteristics that Maxcy and Howe 
required of waterborne disease. The 
outbreak occurred in the city of Ed- 
menton, Alta., in 1953 and was rea- 
sonably correlated in time with pollu- 
tion of the Saskatchewan River—its 
source of supply—by failure of the 
sewage treatment facilities at a town 
upstream. Another explosive outbreak 
of poliomyelitis (3) occurred in 1952 
in Nebraska, and epidemiological in- 
vestigation provided evidence that 
sewage contamination of the water dis- 
tribution system by back siphonage 
was the probable source of infection. 
This evidence was somewhat strength- 
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ened by the detection of coliform or- 
ganisms in the tap water of the area 
in which the epidemic occurred. 

Thus, the criteria that have been 
used to show that poliomyelitis out- 
breaks can be waterborne have been 
epidemiological, and the vast majority 
of poliomyelitis cases do not appear 
to be related to this method of trans- 
mission. This is also true of infec- 
tious hepatitis, which is now accepted 
as a waterborne virus disease under 
certain conditions. Mass immuniza- 
tion against poliomyelitis has greatly 
lessened the chances of explosive out- 
breaks of that disease. Nevertheless, 
there still remains the possibility that 
under unusual circumstances, polio- 
myelitis could break out as a water- 
borne infection. 


Infectious Hepatitis 


It is ironic that the only clear and 
well documented outbreaks of a water- 
borne virus disease have been of infec- 
tious hepatitis. It is the only member 
of the enteric virus group that has not 
been grown in the laboratory. This 
makes it most difficult to determine 
the efficacy of water treatment proc- 
esses in removing or destroying the 
virus in water. 

The literature contains seventeen 
reports of epidemiologically estab- 
lished or suspected waterborne out- 
breaks of infectious hepatitis, six of 
which occurred in the United States. 
These are summarized in Table 2. 

Of the six outbreaks that occurred 
in the United States, the two that oc- 
curred in summer camps leave very 
little doubt that they were waterborne. 
There is also sufficient epidemiological 
evidence that the epidemic that oc- 
curred in the small town on the Tidal 
River was waterborne. The evidence 
that the remaining three epidemics 
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were waterborne is not as strong, but 
was acceptable in epidemiological 
terms for incriminating the water sup- 
plies as the probable source of infection. 

The New Delhi epidemic of infec- 
tious hepatitis is perhaps the most 
oustanding example of a waterborne 
virus disease. If one accepts the data 
on coliform organisms reported by the 
New Delhi water plant, it appears that, 
under unusual conditions, the current 
index may be unreliable for judging 
the adequacy of modern water treat- 
ment processes for destroying or re- 
moving the virus of infectious hepatitis 
and perhaps other enteric viruses. 

Thus, it is apparent that outbreaks 
of waterborne infectious hepatitis do 
appear from time to time, even though 
in the majority of cases, at least in 
the United States, the disease is con- 
tracted by personal contact. Large 
outbreaks may occur when there are 
sanitary defects in water supplies, and 
the failure to demonstrate the presence 
of coliform organisms in such water 
may not necessarily indicate a biologi- 
cally safe water. 


Adenovirus Infection 


The adenoviruses, although they 
usually cause upper respiratory and 
eye disease, apparently multiply in the 
intestine of man and can be shown to 
be present in human feces and sewage. 
Although no outbreaks of waterborne 
adenovirus infection have been docu- 
mented, it is of interest to note that 
three outbreaks of one of the clinical 
diseases caused by adenoviruses have 
been associated with swimming pools 
(37-39). It is impossible to deter- 
mine whether these outbreaks were the 
result of virus-contaminated pool water 
or personal contacts at the pool. As 
wil! be indicated later, the relatively 
high susceptibility of Type 3 adeno- 
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virus to chlorine lends support to the 
contact-infection hypothesis. 


Coxsackie and ECHO Viruses 


The Coxsackie and enteric, cyto- 
pathogenic, human orphan (ECHO) 
viruses together total 53 recognized 
types, none of which has ever been 
associated with waterborne infection. 
Many data are availabie on the effects 
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diarrhea in children (43). Because 
these viruses are chiefly feces borne 
and are readily isolated from sewage 
and sewage effluent (44-50), they 
therefore must be considered as poten- 
tial waterborne viruses. 


Other Viruses 


Certain viruses—influenza, for ex- 
ample—are occasionally isolated from 


TABLE 3 
Reduction ted Coxsackie, Polio, Theiler’s, and Infectious Hepatitis Virus in Water on stad 


Type of Water 


Probable Storage Necessary for 
99 Per Cent Reduction—days 
20°-23°C 30°C 


| g-10°C 


Coxsackie A2 (53) 
Theiler (54) 


14 
56 


River water, some or moderate 


pollution 18 


River water with gross pollution | Coxsackie A2 (53) 


River water with added feces poliovirus (55) 
(1 : 200) 

Autoclaved river water Coxsackie A2 (53) 

Coxsackie A2 (53) 

Coxsackie A5 (57) 

Theiler (54) 

poliovirus (57) 


Distilled, tap, or spring 


Contaminated well water 


Infectious 
hepatitis (2/) 


* Virus present after 188 days’ storage. 
t Storage at 20°-30°C. 


t Produced iliness in volunteers after 10 weeks’ storage. 


of conventional water treatment proc- 
esses on certain of these viruses. This 
apparent incongruity is a reflection of 
the relative ease with which these 
viruses can be handled in the labora- 
tory; they have thus been used as con- 
venient laboratory tools. Recently, 
several of these agents have been re- 
covered from feces of diarrhea cases 
(40-42) and Type 18 ECHO virus 
has been clearly shown to be related to 


feces, but it is believed their presence 
results from swallowing of the dis- 
charge from the upper respiratory 
areas where the virus is normally shed. 
Recently a virus designated salivary 
gland virus (SGV) has been isolated 
from the urine of healthy children (57, 
52). This virus should be present in 
sewage or sewage effluent, but, as most 
SGV infections occur in early child- 
hood through personal contact, the 
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presence of this virus in urine has very 
little significance in connection with 
water supplies. 

The information on the effectiveness 
of various water treatment processes 
in removing or inactivating viruses is 
very incomplete, and many of the early 
studies are difficult to interpret in light 
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TABLE 4 
Reduction of Human Enteric Viruses in Water by Chemical Flocculation 
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the number of infectious agents in 
water suggest it as the ideal method 
of treatment, provided the supply sys- 
tem permits sufficiently long detention 
periods. The effectiveness of this 
method in reducing viruses in water 
has been examined with Coxsackie 
virus, Theiler’s virus, poliovirus and 


| | 


Type of Water 


Virus | 


polio (56) 


polio (60) 


In‘ectious | distilled 
hepatitis|| (6/) | 


spring 1 


(57) 


Coxsackie | 
| 


Ohio River 1 
(16-255 ppm 1 
turbidity) 


Coxsackie | 
(purified) 
(62) 


* Alum except where marked with an asterisk; asterisks indicate ferric chloride. 
+ Probably less than 25 per cent. 
¢ Probably less than 50 per cent. 
More than 50 per cent. 
| Seconieal fecal suspension in distilled water. 


of subsequent developments. A small 
quantity of information data has been 
accumulated in recent years upon 
which fair judgments may be based. 


Storage 


The simplicity, convenience, and 
economy of water storage for reducing 


Flocculation Process 


Coagulant 
Added* 
ppm 


| 
Floc Amount 


or Description Virus Removal 


100 littlet 
100 | somet 


136 | 


some to significant§ 
410 | some 
136-273 | 0.4-1.03 ml/I | little to some 
273-546 | 1.5-2.2 ml/l | significant 
69 | little to some 


some 


15 good | 95.7 per cent at 25°C 
25 | very good | 95.9 percent at 5°C 
15 very good | 98.6 per cent at 25°C 


very good 99.8 per cent at 25°C 


25 very good | 99.6 per cent at 5°C 
99.9 per cent at 25°C 


very good 


the virus of infectious hepatitis (21, 
53-57). These data are summarized 
in Table 3. 

In general it appears that virus sur- 
vival is longer in treated or clean water 
than it is in moderately polluted water. 
On the other hand, virus survival seems 
to be longer in grossly polluted water 
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than in moderately polluted water. 
The limited data available are insuffi- 
cient to allow a generalized statement 
on the effectiveness of storage in re- 
ducing enteric viruses in natural sur- 
face waters. It is apparent, however, 
that in relatively clean waters or water 
devoid of the microscopic flora or fauna 
that are normally present in surface 
waters, survival times of enteric vi- 
ruses are so prolonged that the use of 
storage alone is impractical as a means 
of eliminating viruses. 

The presence of infectious hepatitis 
virus in human volunteers who in- 
gested contaminated well water stored 
6 weeks in the well and 4 weeks in the 
laboratory (21) indicates that this is 
also a hardy virus, capable of at least 
10 weeks’ survival in relatively clean 
water. 


Flocculation 


The removal of viruses from water 
by chemical flocculation appears to be 
the result of a metal cation—protein 
reaction in which a metal-virus com- 
plex is formed and aggregates to form 
a precipitate (58, 59). The reaction 
is therefore nonspecific and the results 
obtained with one animal virus should 
be applicable to other animal viruses. 
On the other hand, the degree of virus 
removal depends entirely on the effi- 
ciency of the flocculation process. 

The pertinent information available 
on this subject is summarized in 
Table 4. It is apparent that there is 
wide variation in virus removal effi- 
ciency of the flocculation process as 
studied by several workers (56-62). 
It is of interest that the high virus 
removal attained by Chang and others 
(58, 59, 62) was achieved with low 
dosages of aluminum sulfate, whereas 
low efficiency was attained by others 
who used high dosages. This clearly 
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indicates that dosage of flocculant alone 
is not a measure of the efficiency of the 
process. A critical comparison of the 
virus removal efficiencies of floccula- 
tion processes cannot be made unless 
one knows the conditions under which 
the processes are employed. As most 
investigators have not indicated the 
relative performance of the flocculation 
process as judged by visual inspection 
of turbidity removal, the relatively low 
virus removals reported might suggest 
that the flocculation process was 
inadequate. 

Results of a recent study (62) indi- 
cate that if the flocculation process is 
satisfactorily applied, more than 95 
per cent removal of added virus should 
be obtained with 15-25 ppm of alum 
or ferric chloride in moderately pol- 
luted water having a turbidity of less 
than 260 ppm. In double-stage floccu- 
lation, with the same dosage of floccu- 
lants, more than 99 per cent removal 
should be expected. The percentage 
removal may be slightly lower in the 
cold than in the warm months. These 
experiments also showed that virus 
removal roughly parallels the removal 
of coliform, total bacteria, and turbid- 
ity. It is worth noting that virus is 
not destroyed by the flocculant but 
merely concentrated in the floc (58- 
60). The flocculation process has been 
applied by Stevenson and associates 
(63) for purifying virus suspensions. 


Activated-Carbon Adsorption 


Carlson and others (56) reported a 
partial removal of poliovirus from 
water with 10-50 ppm activated car- 
bon but did not indicate the magnitude 
of the removal. Neefe and others 


(61) reported the removal of about 40 
per cent of infectious hepatitis virus 
by a combination of flocculation and 
As floc- 


activated carbon (25 ppm). 
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culation is generally more effective 
than the activated-carbon adsorption, 
it seems likely that the latter effected 
a smaller portion of the 40 per cent re- 
moval than the former. The observa- 
tion of Fair, Chang, and Moore (64) 
on Theiler’s virus also indicates a low 
virus removal efficiency for activated 
carbon. Hence, it appears that acti- 
vated carbon, at the dosage applied in 
conventional water treatment, plays an 
unimportant part in removing virus. 


Filtration 


Carlson and others (56) reported 
very little removal of poliovirus when 
virus-laden water was filtered 
through a 30-in. column of Ottawa 
sand in a glass tube of 2}-in. diameter 
at a rate of 144 ml/min (approxi- 
mately 0.28 gpm/sq ft), the effective 
size of the sand being 0.508 mm and 
uniformity coefficient 1.24. When the 
sand column was impregnated with 
enough alum floc to reduce the flow 
rate from 144 to 102 ml/min, a sig- 
nificant amount of the virus was 
removed. 

Employing a 24-in. column of the 
same type of sand in a glass tube of 
2-in. diameter and using a flow rate 
of close to 2 gpm/sq ft, Kempf and 
others (60) obtained results with 
poliovirus very similar to those of Carl- 
son and others. Certain inconsisten- 
cies in the results of Kempf, such as 
the higher recovery of the virus in the 
filter effluent than in the influent in 
one test and the reverse in the other, 
could readily be explained by the very 
small number of test animals (mon- 
keys) used. 

Using a bacterial virus (bacterio- 
phage against Staphylococcus albus) 
as a testing organism, Dieterich (65) 
and Ryckman (66) obtained removal 
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data under various testing conditions 
which indicate that the removal of 
virus by filtration is an adsorption phe- 
nomenon and that sand, being a rela- 
tively poor adsorbent, has low removal 
efficiency, especially when the filtration 
rate approaches that used in water 
plant practice (2 gpm/sq ft). 

The efficiency of a portable diato- 
maceous earth filter in removing the 
virus of infectious hepatitis from water 
was reported to be very low by Neefe 
and others (61). 

It appears, then, that rapid sand fil- 
tration is relatively ineffective in re- 
moving viruses in water and that the 
low efficiency can be attributed to the 
inherently poor adsorption properties 
of the sand. 


Chlorination 


Because of the complications created 
by the chlorine demand of organic mat- 
ter and the formation of combined- 
chlorine compounds with nitrogenous 
substances, data on the destruction of 
viruses by chlorination are informative 
only when the chemical conditions in 
the test water are well defined and the 
types of titrable chlorine existing in 
the chlorinated water are differenti- 
ated. Furthermore, the destruction of 
viruses is a rate process, and the rate 
of destruction under a set of fixed con- 
ditions is proportional to the concen- 
tration of a particular kind of titrable 
chlorine, especially free chlorine. In 
viricidal studies of chlorine, sufficient 
demand-free virus material should be 
present to permit the inactivation rate 
to be ascertained with reliability. Be- 
cause of requirements stated above as 
criteria for good data, many reports 
on the destruction of viruses by chlo- 
rine are omitted from this article. For 
example, all studies prior to 1946 
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failed to differentiate between free and 
combined chlorine. Many of the early 
reports also indicated such a high 
chlorine demand in the test system that 
the test water resembled sewage efflu- 
ent more than natural water, and it is 
difficult to interpret the information 
for viricidal efficiency of the chlorina- 
tion process. 

Pertinent data concerning the virici- 
dal efficiency of chlorination in terms 
of water treatment practice are sum- 
marized in Table 5 under two main 
groups: [1] data on virus destruction 
by free chlorine in water with a high 
chlorine demand and [2] data on simi- 
lar destruction in water with a low 
chlorine demand or in demand-free 
water. The former results are infor- 
mative on the viricidal efficiency of 
prechlorination, either for residual or 
superchlorination of raw water, and 
the latter are useful in judging the 
viricidal efficiency of chlorine applied 
to flocculated or filtered water. 

In Table 5, irregularities in viricidal 
efficiency of free chlorine are apparent 
in some of the reports, and the use of 
animal inoculations for assaying virus 


concentrations makes quantification 

cifficult. For these reasons, the free 
chlorine-—contact time combinations 


shown in the table are quoted because 
they appear to represent .u high rate 
of virus destruction with some margin 
of safety. 

The viricidal data of Weidenkopf 
(74) are the most quantitatively accu- 
rate to date, because the test conditions 
were well defined and the technique 
used for estimating virus concentra- 
tions (the plaque count method) pro- 
vides an accurate determination. It is 
of interest that Weidenkopf’s results 
indicate a first-order reaction in the 
destruction at pH 8.5 by free-chlorine 
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concentrations ranging from 0.2 to 5.0 
ppm; whereas at pH 6.0 and 7.0, the 
first order reaction was observed only 
at relatively high concentrations of 
free chlorine. As the chlorine concen- 
tration was lowered to less than 0.23 
ppm, the survival curves assumed 
more of a retardant die-away shape. 
Weidenkopf stated that the purified 
virus suspension used in his study did 
not exhibit a significant chlorine de- 
mand during the course of his experi- 
ments. It can be reasonably assumed, 
however, that there was some slight 
loss of free chlorine during the test 
periods, particularly during relatively 
long exposure periods. If the retard- 
ant, die-away type of survival is at- 
tributed to the difference in resistance 
of the virus particles themselves, it 
should also have occurred at pH 8.5 as 
well as the lower pH values. A more 
logical explanation of the phenomenon 
may be that the very slight free- 
chlorine loss during his experiments 
did not measurably influence the death 
rates with high residuals, but became 
measurably significant as the residuals 
were lowered and approached 0.04 
ppm, at which concentration long ex- 
posure times were necessary to achieve 
good virus kills. This would be par- 
ticularly noticeable at low pH values, 
when a greater portion of the free 
chlorine is in the much more active 
HOC! form. 

On the basis of the foregoing con- 
sideration, it seems likely that in select- 
ing the free chlorine-contact time com- 
bination for a 99 per cent or greater 
destruction for the retardant die-away 
inactivation curve, a wider margin of 
safety is provided and a more repre- 
sentative picture of the true inactiva- 
tion curve is obtained if one actually 
uses the point on an experimental 


— 
igh 
‘cars 


UW $Z UL Ua Jad 9°66 | 07-61 | OF 
ulw §Z ul Jad | | 7 e-8'¢ | 

UIW UL Jad | | | 391} 
QT UL 43d O° | -puewap ul ZY peyung 


Jour. AWWA 


yy) ON 40 


¢ UL 6G | 0'9-0't L7-S7Z de} 
UW QT Ul | O'L-S'9 | LZ-SZ UI SNIIA Ss peytind 


CHANG 


L. 


aor 


eM 
C¢ UTW-_T | | S7-12Z payustp ur yy ood paytind Ayjenseg 


2 
3) 


| 
payejnsour paysajosd yowyuoo aursopyo | | | | ur oyod payrnd 


A. 


N. 


| 

2214 


ATAVL 


| | | 
| | 
| | | | | 
} 
| | | 
| 
| 
| | 

| | 
| 

| | 

| 
| 

= 
| 
| | | 

| | | a 

| 


“UaAIZ JOU alam 4 


995 OTT-08 Ul Jad 07°0 0'6-8'8 
298 QS-OF UI Jad 07'0 0'6-8'8 | UI ¢ 


UIW O¢ UI JO Jad 6°66 o¢'0-17'0 
QT Ul 410 Jad 666 OL 
Ul JO Jad 6°66 O¢'0-17'0 OL -puRwap Ul peyiung 


UIW QT UI 10 Jad 6°66 06 


g UL 13d o¢'0-17'0 0'6 BM 391j-puewap 
UIW ¢ UT 10 Jad OF ur (ures Asuoyep) paying 


¢ UT Jad 9°66 j 
ulw Fp Ul 9°66 OL 

g UI Jad OL 
urw Ul Jad 9°66 09 Ja} eM 391j-puewap 
$¢ Ul UOT}INIYsap Jad 9°66 09 ut (uresjs ood paying 


n 
n 
= 
1S) 
= 


¢ UT Jad 9°66 00'1-26'0 | 0°6-8'8 

UI 19d 9°66 | 0°6-8'8 
UI QT UL 3U99 4d 9°66 810-010 | 0°6-8'8 

¢ UT 9°66 | I'L-6'9 

UI UT Jad 9°66 12-69 

UI ¢ UI 399 19d 9°66 | €8+L | 06-88 | (-pyuo2) 


(‘pyuor) puewad ON JO MOT 


synsay 


| mg 9914 


Oct. 1959 1309 
| 
| 
ite 
| 
2, 
Eso | 
oa 
| 
| | 
| 
| 
| 


1310 N. A. CLARKE 


curve rather than computing it from 
the average of the slope of all straight- 
line sections of the curve. Thus, for 
the purpose of comparing the resist- 
ance of poliovirus Type 1 (74) and 
Coxsackie A2 virus (73), the contact 
times required for a 99.6 per cent de- 
struction of poliovirus Type 1 were so 
obtained from Fig. 1-3 of Weiden- 
kopf’s report and presented in Table 5. 

The information in Table 5 reveals 
several points of significance. First, 
there is a definite indication that 
Theiler’s virus is more resistant to free 
chlorine than the Coxsackie A2 virus, 
which, in turn, is more resistant than 
the poliovirus Type 1. The relative 
resistance of the virus of infectious 
hepatitis to free chlorine cannot be 
stated, as contact times of less than 
30 min were not tested. Adenovirus 
Type 3 has about the same resistance 
to free chlorine as do Esch. coli cells. 
It thus becomes apparent that different 
viruses exhibit a wide variance of their 
susceptibility to chlorine. 

Second, there is a profound pH ef- 
fect on the viricidal efficiency of free 
chlorine. The data of Weidenkopf 
shows that lowering the pH from 7.0 
to 6.0 reduces the inactivation time by 
approximately 50 per cent, and the 
results of both Weidenkopf and Clarke 
indicate that a rise in pH from 7.0 to 
8.3-8.9 increases the inactivation time 
by a factor of six. 

Third, the results of Clarke suggest 
that the temperature coefficient for a 
10-deg change (Q,,) in the destruc- 
tion of virus by free chlorine lies in 
the range of 2.0 to 3.0, indicating that 
lowering the temperature by 10°C in- 
creases the inactivation time by a factor 
of 2-3. 

Fourth, the data of both Weiden- 
kopf and Clarke on the free chlorine— 
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contact time relationship indicate, as 
a whole, that the value of N, the chlo- 
rine concentration coefficient, lies in 
the range 0.7-0.9. This means that a 
doubling of the free-chlorine concen- 
tration reduces the inactivation time 
by a little less than half. Therefore, 
there is a slight advantage in lengthen- 
ing the contact time to improve virus 
destruction over increasing the chlorine 
concentration. 

Qualitatively, the results of Kelly 
and Sanderson (67) also are in agree- 
ment with the four points made above 
in that they observed that the viricidal 
efficiency of free chlorine was depend- 
ent upon pH, chlorine concentration, 
exposure time and temperature. They 
also made the important practical point 
that complete inactivation of certain 
enteric viruses could not be achieved 
by the usual conditions for bacterial 
disinfection of water (0.2 ppm chlo- 
rine for 10 min at pH 7.0) at an initial 
level of 300-3,000 virus doses. 

As a whole, the information in Table 
5 indicates that, although most viruses 
examined are unquestionably more re- 
sistant to free chlorine than are coli- 
form bacteria, virus destruction is pos- 
sible by prechlorination practices. In 
the prechlorination of raw water any 
of the enteric viruses so far examined 
would be effectively destroyed by a 
free chlorine residual of about 1.0 ppm, 
provided that it could be maintained 
for about 30 min and that the virus 
particles were not embedded in par- 
ticulate organic matter that could 
serve as a protecting envelope. 

The effectiveness of postchlorination 
practices in destroying enteric viruses 
is uncertain, because relatively low 
chlorine residuals are usually main- 
tained. The rate of inactivation of 
viruses with low chlorine residuals is 
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markedly affected by temperature, pH, 
and possible detention times. The 
data of Table 5 would seem to indi- 
cate that if the water temperature were 
approximately 20°C and the pH were 
not more than 8.0-8.5, a free chlorine 
residual of 0.2-0.3 ppm would prob- 
ably be sufficient to destroy most of 
the tested viruses in 30 min. At water 
temperatures below 10—-15°C and at a 
pH of more than 8.5, effective destruc- 
tion of virus with free chlorine re- 
siduals of 0.2-0.3 ppm is probably not 
feasible unless long detention periods 
are possible. 


Combined Chlorine 


Trask and others (76) reported that 
5.4 and 8.1 ppm of residual chlorine 
as chlorine-ammonia was required to 
destroy 90 per cent of Theiler’s virus 
(FA strain) in 30 and 10 min, re- 
spectively. The temperature and pH 
of the treated water were not given, 
but the chlorine-ammonia weight ratio 
was 1:4. On the other hand, Chang 
and others (54) found that at 26°C, 
pH 6.8-7.1, and a chlorine-ammonia 
weight ratio of 2:3, 5.2 ppm of resid- 
ual titrable chlorine effected only 85.7 
per cent destruction of Theiler’s virus 
in 60 min. Under these conditions, 
50 per cent of the titrable chlorine ex- 
ists as NHCl, and 50 per cent as 
NH.CI (77). 

The viricidal efficiency of combined 
chlorine must be very low, as most 
investigators who have worked with 
suspensions of crude or partially puri- 
fied virus have found that much of the 
chloride existed as combined forms 
and that the viricidal efficiency was 
traceable almost entirely to the free 
chlorine residuals. It is probable that 
most combined chlorine consists of or- 
ganic N-chlor compounds and a small 
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amount exists as chlorine-ammonia. 
Trask and others (76) stated that 12.1 
ppm of titrable chlorine as azochlo- 
ramid destroyed 90 per cent of the 
Theiler’s virus in 30 min, and Fair and 
others (64) showed that 18-20 ppm 
titrable chlorine as monochloramine-T 
destroyed 60-80 per cent of the Thei- 
ler’s virus in 60 min at 27°C and pH 
7.0-7.2. Although these data are in- 
adequate for definite conclusions, the 
low viricidal efficiency of these com- 
pounds is clearly demonstrated. 


Chlorine Dioxide 


The experiments of Ridenour and 
Ingols (69) indicate that chlorine di- 
oxide is as effective as free chlorine 
in inactivating poliovirus if the resid- 
uals are measured by the orthotolidine- 
arsenite (OTA) method. More re- 
cently Hettche and Schulz-Ehlbeck 
(78) reported that 0.08 ppm chlorine 
dioxide—measured by the orthotoli- 
dine (OT) method—had the same 
viricidal activity on poliovirus as 0.15 
ppm ozone or 0.25 ppm free chlorine. 
Unpublished data obtained by Moore 
and Post of the Robert A. Taft Sani- 
tary Engineering Center indicate that 
the OTA method is only qualitative in 
measuring chlorine dioxide residuals. 
Quantitative comparison of data on the 
viricidal efficiency of free chiorine and 
chlorine dioxide is therefore impossible 
to evaluate if OT or OTA methods 
are used to measure chlorine dioxide 
residuals. 


Elemental Iodine 


Molecular iodine (I,) is a conven- 
ient and practical disinfectant for emer- 
gency treatment of small quantities of 
drinking water. Recent reports (79, 
80) indicate that different viruses have 
different resistances to iodine; for ex- 
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ample Coxsackie A2 and B1 viruses 
have essentially the same resistance to 
molecular iodine, but twice the resist- 
ance (in terms of contact time) as 
poliovirus Type 1 or ECHO 7 viruses, 
and Coxsackie A9 virus appears to be 
more resistant than Coxsackie A2 or 
Bl (81). In order to achieve 99.6 
per cent destruction of Coxsackie A2 
or B1 virus, contact times of 6, 3.5 and 
2.25 min at 25°C were required with 
5, 10, and 15 ppm of residual iodine. 

When the data on Coxsackie Bl 
virus are compared with those of 
Clarke (73) on Coxsackie A2 virus, it 
is seen that molecular iodine is much 
less viricidal than free chlorine, even 
when the comparison is made on a 
molar basis. The lower the tempera- 
ture, the greater is the discrepancy. 
Nevertheless, the 15-min contact at an 
iodine residual of about 5 ppm recom- 
mended for emergency treatment of 
water at ordinary temperature should 
effectively destroy nearly 100 per cent 
of viruses having a resistance com- 
parable to Coxsackie A2 and B1 virus, 
but it will kill only about 99 per cent 
of those viruses that are as resistant 
as Coxsackie A9 virus. 


Ozone 


Kessel and others (82) report that 
0.05-0.45 ppm of residual ozone de- 
stroyed the same amount of poliovirus 
in 2 min as 0.5-1.0 ppm residual 
gaseous chlorine in 14-3 hr. No dif- 
ferentiation was made of the types of 
residual that existed, however, and, as 
a crude-virus suspension was used in 
the tests, it is likely that most, if not 
all, of the residual chlorine was in the 
combined form. The data of Hettche 
and Schulz-Ehibeck (78) do indicate 
that ozone is slightly more viricidal 
against poliovirus than is free chlorine 
on a weight basis. 
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Heat 


The literature on thermodestruction 
of viruses is too voluminous to review 
in full. There are discrepancies in the 
thermal death points determined by 
different workers for even the same 
virus. The more useful quantitative 
data on the thermodestruction of en- 
teric viruses in water are those of 
Melnick and his associates. Working 
with a mouse-adapted strain of polio- 
virus, Lawson and Melnick (83) 
showed that 99.9 per cent or greater 
destruction of the virus was achieved 
when the water suspension was heated 
at 60°C for 30 min. In a later re- 
port Kaplan and Melnick (84) pre- 
sented data indicating that the polio- 
virus (feces borne, monkey adapted, 
or mouse adapted) and Theiler’s virus, 
suspended in water at a concentration 
of 300 doses per inoculum, were ren- 
dered noninfective after heating at 
55°C for 15-30 min or at 71.1°C for 
74 sec. In another report (85) they 
showed that several strains of Cox- 
sackie virus (Al, A4, and B1), sus- 
pended in water at concentrations of 
10* to 107° doses per inoculum, were 
made noneffective after heating at 
55°C for 10-15 min or at 71.1°C for 
74-10 sec. The thermodestruction data 
of Robinson (86) on two strains of 
Coxsackie B virus were in general 
agreement with those quoted above; 
however, Robinson states that a strain 
(MM) of poliovirus was definitely 
more resistant, but that most of its 
infectivity was destroyed by heating 
at 62°-64°C for 30 min. Thus, the 
temperatures and contact times used 
in milk pasteurization appear adequate 
for destruction of most enteric viruses. 

Very little has been reported on 
thermodestruction of the virus of infec- 
tious hepatitis. The only information 
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is that of Havens (87), who showed 
that heating at 56°C for 30 min failed 
to render an infectious hepatitis serum 
noninfective. It should be noted, how- 
ever, that viruses suspended in pro- 
teinaceous fluids are more difficult to 
destroy by heat than they are in water. 

Thus, from the data presented, it 
appears that disinfectants, such as 
chlorine-ammonia and N-chlor com- 
pounds, have such low viricidal effi- 
ciencies that the dosages required for 
an effective destruction of enteric 
viruses are too high to be practical in 
water treatment. 

Ozone and chlorine dioxide are 
probably highly effective in destroying 
viruses in water. Their viricidal effi- 
ciencies as compared to that of free 
chlorine, however, are yet to be ascer- 
tained under well defined test condi- 
tions. With the tissue culture method 
for production of viruses and with the 
plaque count or MPN (88) technique 
for quantification of viruses, the rela- 
tive viricidal efficiencies of these three 
powerful disinfectants at different tem- 
peratures and pH levels can be accu- 
rately determined. 

Elemental iodine and heat are effec- 
tive viricidal agents in water treatment. 
but their use is most applicable to 
small water supplies under emergency 
conditions. 


Summary 


A literature survey has been con- 
ducted in an attempt to ascertain the 
role that water supply may play in the 
transmission of enteric viral infections. 
Despite the fact that all enteric viruses 
are feces borne and are sometimes 
present in sewage and sewage effluent, 
no enteric-virus disease other than in- 
fectious hepatitis has been shown to 
be waterborne, although a few out- 
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breaks of poliomyelitis are suspect. A 
list of the enteric viruses and some of 
the diseases they cause has _ been 
presented. 

The virus removal and destruction 
efficiencies of modern water treatment 
processes have been evaluated in the 
light of the available information ob- 
tained in experimental studies. These 
data, though extremely limited, indi- 
cate the following : 


1. Storage of slightly to moderately 
polluted surface water at temperatures 
prevailing in warm months can inacti- 
vate 99 per cent or more of Coxsackie 
A2 virus in about a week. The per- 
centage virus reduction is greatly 
lessened when the temperature is low- 
ered to that prevailing in cold months ; 
when the water is grossly polluted; or 
when the water is devoid of microbial 
flora and fauna normally present in 
surface waters. 

2. The flocculation process, when 
satisfactorily applied using either 
alum or ferric salt, can remove 95—99 
per cent of Coxsackie A2 virus in 
water in a single-stage flocculation or 
more than 99 per cent in a double- 
stage operation. Differences of tur- 
bidity of 16-260 ppm and of tempera- 
ture of 5°-25°C exert an insignificant 
effect on virus removal. A parallelism 
exists between the removals of virus, 
total bacteria, coliform organisms, and 


turbidity. 
3. Activated carbon and sand are 
not effective media for removing 


viruses in water; this is probably be- 
cause of their low virus adsorption 
capacities. 

4. Free chlorine effectively inacti- 
vates enteric viruses in water. The 
residuals required are dependent upon 
temperature, pH, and contact time. 
Poliovirus, Coxsackie virus, and the 
virus of infectious hepatitis appear to 
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be more resistant to chlorine than are 
coliforn: or enteric pathogenic bacteria. 

5. Combined chlorine, either as 
chlorine-ammonia or N-chlor com- 
pounds, is far less viricidal than free 
chlorine. 

6. Ozone and chlorine dioxide are 
probably effective viricidal agents in 
water treatment, but their efficiency at 
different temperatures and pH values 
as compared to that of free chlorine 
remains to be determined. 

7. Heat is effective in destroying 
viruses in water. Pasteurization proc- 
esses, such as those applied to milk, 
should provide a margin of safety in 
the destruction of enteric viruses. 

8. Elemental iodine is effective in 
destroying viruses in water. 
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Simple Automatic pH Control Device for 
Treatment Plants 


W. Bruce Murra y 


A contribution to the Journal by W. Bruce Murray, Treatment Plant 
Supt., Water Dept., Long Beach, Calif. 


ATER treatment plants usually 

have to practice some form of 
pH adjustment on finished water as a 
means of correcting any corrosive 
tendency the water may have acquired 
during treatment. Changes in pre- 
chlorination or coagulation dosages or 
even variations in the raw water itself 
cause difficulties to operating personnel 
in maintaining a uniform pH. The de- 
vice described in this article is an in- 
expensive controller that anyone with 
only a moderate knowledge of elec- 
tronics can assemble; yet its accuracy 
is such that it will maintain the pH of 
the finished water within +0.05 unit 
of the desired figure. 


Principle of Operation 


To illustrate the way in which the 
pH control device functions, one may 
suppose, for example, that it is de- 
sired to maintain a uniform pH in the 
effluent of a treatment plant where the 
pH value is normally quite irregular. 
The flow of the plant effluent, Q, is to 
be metered by a primary meter that 
provides an electrical impulse each time 
10,000 gal of water has passed (Fig. 
1). At a distance S downstream of 
the point of chemical injection, is a 
pH-detecting electrode assembly that 
continuously samples the effluent and 
furnishes a d-c output to a meter relay 
in proportion to the instantaneous pH 
of the effluent. This electric signal is 
opposed by the output from a bridge 


circuit, which is set at an electrical 
value equivalent to the desired pH. 
At electrical zero (the point of bridge 
balance), the electrical equivalent of 
the pH is equal to the bridge output 
and there is no change in the rate of 
chemical injection. If there is a gain 
or loss in the pH of the effluent, the 
indicating needle on the meter relay 
deviates from its centered position, 
closes with the appropriate relay con- 
tact, and eventually causes an increase 
or decrease in the rate of feed. The 
caustic-soda pump used in this illustra- 
tion is operated on a time impulse 
basis—that is, the pump functions just 
long enough to provide the quantity of 
caustic soda necessary to dose each 
10,000-gal increment of effluent water 
(indicated by the primary meter) to 
the desired pH. The meter relay 
shortens or lengthens the period of 
pump operation by varying the time 
constant of the pH control device 
every time an impulse is received from 
the primary meter. If the pH of the 
plant effluent is equal to the desired 
pH, the meter relay is at balance and 
the time constant remains unchanged. 
The pump operates again for the same 
time interval as during the previous 
cycle upon receipt of the next 10,000- 
gal impulse. Thus the automatic pH 
controller has two important features : 
proportional control (the frequency of 
pump operation is directly proportional 
to the number of impulses received, or 
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the rate of flow) and floating control 
(the amount of caustic soda entering 
the plant effluent per cycle is increased 
or decreased to correct the pH as long 
as the latter deviates from the desired 
value). 


Summary of Operation 
The following sequence of events 


takes place in the automatic control 
of pH: 


output signal proportional to instan- 
taneous pH of the plant effluent. If 
the output is higher than that of the 
desired pH, the time constant in the 
pH control device is decreased, thereby 
shortening the next cycle of operation. 
If the output is lower than that of 
the desired pH, the time constant in 
the pH control device is increased, 
thus lengthening the next cycle of 
pump operation. If the output is ex- 


Meter Relay 


/ Pump Control Device 


3/ 


Battery-Operated & / 
pH Control Setting < / 


/ 
Caustic Soda Supply / — Standpipe 


Impulse From Primary nary Meter 


/ Makeup 
Water Inlet 


Effluent Flume——_ 


Pig. 1. 


The circuitry of the device is shown schematically in Fig. 2. 


Flow and Signal Diagram of the Automatic pH Control 


1. The primary meter initiates a 


actly the same as the desired pH set- 
cycle by providing an electric pulse to 


ting, the time constant in the pH con- 


the pH control device. 

2. The caustic-soda pump operates 
for a period determined by the pH 
control device and attempts to supply 
just enough caustic soda to adjust the 
plant effluent to the proper pH. 

3. The pH electrode assembly, lo- 
cated downstream from the point of 
caustic-soda injection, provides an 


trol device is left unchanged and the 
operating time of the caustic-soda 
pump is left unchanged for the next 
cycle. 


Circuit Description 


The automatic pH control device 
shown schematically in Fig. 2 is essen- 
tially an electromechanical switch; its 
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contact time is dependent on the re- 
sistance setting of the variable potenti- 
ometer R, and the three capacitances 
C;, C,, and C,. The single-pole relay 
in the plate circuit of Tube 2 controls 
the “on and off” time of the pump 
according to the time-limit of the 
resistance-capacitance (R-C) network 
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on the parallel grids of Tube 2. Dur- 
ing normal operation, upon receipt of 
a 10,000-gal impulse signal from the 
primary meter, Relay 2 initiates a time 
cycle on the grids of Tube 2, which 
activates Relay 1 for a period suffi- 
cient to treat the 10,000-gal volume. 
With zero voltage across the R-C net- 


TABLE 1 
Materials List for Components of Automatic pH Control 


Power transformer* 
125 v, 1 ma, with 6.3-v secondary taps 


Rectifiers 


Silicon diode, 150 ma 
Germanium diode (IN34A) 


Resistors 


: 22 ohms, 1 w 
: 3,300 ohms, 1 w 
: 4.700 ohms, 1 w 
: 51,000 ohms, 1 w 
: 1,000-ohm wire-wound pot 
: 5,000-ohm wire-wound pot 
: 1,000-ohm wire-wound pot 
: 2,200-ohms, 4 w 
: 2.5 megohm, variable-resistance, 40- 
turn potentiometert 

Rio: 220,000 ohms, $ w 


Capacitors 


C, and C,: 250-uf, 150-v electrolytic con- 
densers 

Cs and Cy: 50-uf, 50-v electrolytic con- 
densers 

Cs, Cs, and C;: 2-uf metalized-paper con- 
densers 


Chassis 


8 X 10 in., aluminum 


Sockets 
Three standard octal sockets 


Tubes 


Tube 1: OC3, 105-v voltage regulator 
Tube 2: 6SN7GTA 


Relays 


Relay 1: single-pole plate circuit relay, 
10,000-ohm coil (KCP5)t 

Relay 2: single-pole relay, 115-v, 60-cycle, 
2,200-ohm coil (KRP11A)§ 

Meter relay: double-contact, zero center, 
10-0-10-ya, d-c relay] 


pH Amplifier 
Electroaic pH meter# ** 
Motor 


2-rpm, 115-v, 60-cycle reversible sychron- 
ous motortt 


Electrodes 
Flow-through calomel and glass electrodes 
Battery 
Size D, 1.5 v 
Switch 
Double-pole toggle 
Pilot light 
6.3-v lamp 
Recorder (optional) 


}-in., 40-revolution, spiral-geared shaft with 
follower set screw and pen arm 


* Stancor PS 8415; a product of Chicago Standard Transformer Corp., Chicago, Ill. 


Manufactured by Potter & Brumfield, Princeton, Ind. 
Versatrol; a product of Assembly Products, Chersterland, Ohio. 
odel W; a product of Beckman Instruments, Fullerton, Calif. 


ites E; a product of Beckman Instruments, Helipot Corp., Newport Beach, Calif. 


Model 115; a product of Photovit Corp., New York, N. Y. 
** Manufactured by Beckman Instruments, Fullerton, Calif. 
tt Series 430; a product of Bristol Co., Waterbury, Conn. 
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Fig. 3. Internal View and Control Panel of Automatic pH Control 


The meter at the upper right of the control panel (lower photograph) is a double- 

contact relay that controls the position of the motor-driven potentiometer (upper 

photograph). On the control panel, a disc recorder translates the movement of the 
potentiometer into a continuous record of pH variations. 
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work, maximum plate current flows 
through Relay- 1, which closes and dis- 
connects the caustic-soda pump from 
the circuit. The instantaneous closure 
of the contacts on Relay 2 throws a 
negative voltage across the R-C net- 
work (R,, Ryo, C;, Cy, and C,), charg- 
ing the network to a maximum and 
causing the plate current of Tube 2 to 
fall to zero, as the tube is at cutoff 
voltage. Relay 1 is deenergized in this 
condition and the caustic-soda pump 
begins operation. The length of time 
that Tube 2 remains at cutoff is de- 
pendent upon the rate of current dis- 
charge through the fixed resistance R,, 
and the variable resistance R,. The 
equation for the circuit time constant 
with these components is 


in which ¢ is the time, in seconds, C 
is the capacitance, in microfarads (pf), 
and r is the resistance, in megohms. 
With the fixed capacitance of 8 pf 
(C,+C,+C,) and the fixed resist- 
ance, R,,, of 0.22 megohm, Eq 1 
becomes 


where 
r = R, + 0.22. 


The variable-resistance potentiome- 
ter R,, which provides 2.5 megohms of 
resistance in 40 turns, is the most im- 
portant item in the circuit (Fig. 3), 
as, with its unusual resolution time, 
constants of a fraction of a second can 
be obtained within a few degrees of 
shaft rotation. The double-contact 
meter relay controls the resistance 
value of the potentiometer R, by means 
of the reversible motor connected di- 
rectly to its shaft. These contacts, 
which are a part of the meter relay, 
are located at equal distances from 
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electrical zero, with the needle contact 
mechanism floating in the dead zone 
between the two contacts. If there is 
no disparity between the bridge output 
and the incoming signal from the pH 
amplifier, the needle contact remains 
in a position of balance and the motor- 
driven potentiometer R, is inoperative. 
If an error signal does appear across 
the meter relay, the imbalance closes 
the needle mechanism with the appro- 
priate contact and, depending on the 
pH variation of the effluent, either in- 
creases or decreases the value of R, 
according to the direction of motor ro- 
tation. If it is desired to incorporate 
a recording mechanism into the con- 
troller a 40-turn spiraled shaft may be 
inserted between the motor and the 
potentiometer together with a pen arm 
mechanism and some form of strip or 
circular chart. This is illustrated in 
Fig. 3. 

The self-contained power supply is 
half-wave rectified and heavily filtered 
to reduce ripple. Regulation is neces- 
sary in order to obtain a uniform oper- 
ating point for Relay 1. The bias 
voltage supply is a voltage doubler 
which receives its a-c input from the 
6.3-v filament taps on the power trans- 
former. The bias voltage adjustment 
is variable from zero to 13 v by means 
of the bias voltage control R,. The 
a-c supply on the filament is left tloat- 
ing, as the positive side of the d-c out- 
put is grounded. With a fixed bias 
voltage of — 9 v d-c applied to the R-C 
network and to the grids of Tube 2, 
the time constant for the system 
(length of pump operation per 10,000- 
gal cycle) varies from 3.7 to 27.5 sec 
as R, is varied from zero to 40 turns. 
Other time constants can be obtained 
by either increasing or decreasing the 
bias voltage or the capacitance in the 


R-C_ network. 


e 
fs 
| t = 2.86 rC........(1) 
= 
t= 22.88r.........(2) 
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Application 


Two physical problems of the auto- 
matic pH control device are uniform 
dispensing of the caustic-soda solution 
to the plant effluent during a 10,000- 
gal cycle and the distance the electrode 
assembly should be placed downstream 
from the point of chemical injection. 

If Q is the daily flow of water (in 
millions of gallons) and ¢ is the time 
(in seconds) to pass 10,000 gal, it 
can be shown that 


Eq 3 is a converging series, as the 
larger values of Q produce smaller in- 
crements of t. Thus a pump operating 
at a fixed calibration point might have 
a considerably longer idle period at a 
minimum flow than at a maximum 
flow, which would result in the entering 
of caustic soda into solution in slugs. 
This condition is very undesirable and 
is one of the most troublesome features 
of the time-impulse method of chemical 
treatment. In systems that flow by 
gravity, a possible solution is to inject 
the caustic soda into at least a 4-in. 
standpipe or surge chamber (open to 
atmosphere) in which water is being 
added at a constant rate (+ 35 gpm). 
The caustic soda and makeup water in 
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the chamber provide a slight additional 
head above the normal hydraulic 
gradient and result in a uniform grad- 
ual dispensing of the soda to the 
effluent. 

The distance, S, downstream from 
the point of chemical injection to the 
point at which a good mix might be 
expected for pH detection is directly 
related to the size of the plant effluent 
conduit and the maximum predictable 
flow. As a general rule, for a good 
mix S should be at least 50 ft for a 
4x4-ft rectangular conduit and a maxi- 
mum flow of 26 mgd. 


Summary 


The automatic pH controller oper- 
ates on the basis of proportional and 
floating controls and has the following 
features : 

1. An accuracy of pH control within 
+0.05 pH units from the desired value 


2. Fast recovery 

3. Low cost 

4. Simplicity of construction 

5. Ease of operation (one manual 
adjustment ) 

6. Dependable operation and long 
component life 

7. Recording of pH variations on a 
strip or circular chart for a permanent 
record. 
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Turbine Pumps for Booster Service 


‘Clinton C. Warren 


A paper presented on Apr. 24, 1959, at the Pacific Northwest Section 


Meeting, Vancouver, B.C., by Clinton C. Warren, Pres., Cornell Mfg. 


HE pump ranks second only to the 

electric motor as the most widely 
used industrial machine. Modern 
pumps can be designed to handle any- 
thing that flows, and they are now 
used to pump highly volatile ether, 
thick abrasive sludges, and molten 
metals at high temperatures. There 
are hundreds of industrial pumps of 
all kinds, ranging in differences from 
small details to entire principles of 
operation. 


Centrifugal Pumps 


Centrifugal pumps, by far the most 
widely used, are ideally suited for 
water utilities. They are classified ac- 
cording to: 


1. Energy conversion: volute or 
diffuser 

2. Impeller: radial; Francis; mixed 
flow; propeller; single or double suc- 
tion; open, semiopen, or closed; or 
single or double curvature vanes 

3. Number of stages 

4. Axis of rotation 

5. Type of casing 

6. Method of drive. 


The centrifugal booster pumps used by 
water utilities can be either regular 
centrifugal (volute) or turbine cen- 
trifugal (diffuser). In a volute pump, 
the impeller discharges into a progres- 
sively expanding spiral casing, propor- 


Co. and Pump, Pipe & Power Co., Portland, Ore. 
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tioned to reduce the liquid velocity 
gradually. Some of the velocity en- 
ergy of the liquid is thus converted 
into static pressure. In a _ turbine 
pump, generally called a vertical dif- 
fuser pump, vaned diffusers convert 
velocity head to pressure head. In 
recent years, because of its advantages 
over the volute type, the vertical tur- 
bine pump has become more widely 
used by water utilities. 

There are three basic types of verti- 
cal pumps, depending upon the im- 
peller used: radial flow, mixed flow, 
and propeller. These basic types may 
overlap. Because the operating char- 
acteristics of pumps are determined by 
the design of the pumping element, 
which consists of the impeller and the 
companion bowl or diffuser, modifica- 
tions of the three basic pumping ele- 
ments result in a wide range of pump 
characteristics. 


Selection of Pumps 


One of the problems facing engi- 
neers is how to select and apply the 
pump that will best meet a given set 
of conditions. To many engineers, 
pump application is a hazy subject with 
much miscellaneous information avail- 
able that is difficult to relate to the 
problem at hand. There is no substi- 
tute for experience in interpreting raw 
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Fig. 1. Head-Capacity Curves for Pumps 
of Different Specific Speeds 


A, B, C, and D are curves of axial-flow, 

mixed-flow, turbine, and centrifugal 

pumps, respectively. The specific speeds 

of these pumps are: A, 10,000; B, 5,000; 
C, 3,000; and D, 500. 
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data from field analyses and designing 
a complete pump installation. 

In the design of a pumping system, 
a number of factors must be consid- 
ered: head, capacity, piping, drives, 
nature of fluid to be pumped, and econ- 
omy. Often, during system planning, 
important factors of economy that 
originate with the project and continue 
through its useful life are overlooked. 
Pump location, for example, may pro- 
duce worthwhile power savings if it is 
determined from a study of head condi- 
tions, pipe sizes, and proper fittings, 
with expanding future loads in mind. 
The hydraulic consideration receives 
more attention generally than the eco- 
nomic factors, although the latter are 
an inseparable part of every pumping 
system problem. The user seeks the 
lowest cost per gallon pumped, which 
should be determined from the original 
cost, operating costs, estimated life, 


1,000 


2,000 


3,000 


Capacity gpm 
Fig. 2. Typical Performance of Pumps With Different Specific Speeds: Horsepower 


A, B, C, and D are curves of turbine, centrifugal, mixed-flow, and axial-flow pumps, 
respectively. The specific speeds of these pumps are: A, 3,500; B, 4,300; C, 7,000; 
and D, 12,300. 
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cost of maintenance, cost of money, 
and salvage value. 


Turbine Pump Efficiency 


All turbine pumps originally devel- 
oped for deep wells are of the diffusion- 
casing, vertical type, used for over 30 
years. The turbine pump has been 
perfected to a high degree and, at pres- 
ent, is the most efficient multistage 
centrifugal pump. Laboratory pump 
efficiencies up to 90 per cent for 1,200- 
gpm pumps operated at 1,760 rpm are 
on record. Several factors have con- 
tributed to the high efficiency of this 
pump: 

1. Favorable specific speeds of 
2,500-4,000, not used in any other 
multistage pumps: with increasing spe- 
cific speed, the impeller profile gradu- 
ally changes from a straight radial to 
a conical mixed flow, and finally to a 
straight axial flow 


2. Improved hydraulic design of the 
casing, with liberal stage spacing 

3. Keen competition among many 
companies, simple and inexpensive de- 
signs, large sales volume, which per- 


mit continuous and 
changes in design 

4. Owing to stage arrangement, the 
absence of interstage leakage and leak- 
age from balancing devices (as hy- 
draulic thrust is taken up by the motor 
thrust bearing) and the use of high- 
pressure stuffing boxes or the absence 
of high-pressure boxes in inverted con- 
struction, when suction pressure exists 
at the packing gland 

5. Better hydraulic features of verti- 
cal arrangement: diffuser vanes are 
arranged more in an axial direction 
and developed in one piece without 
sharp turns, allowing ample space be- 
tween impeller and vane; the possibil- 


improvements 
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ity of using impellers of different di- 
ameters and widths 

6. Prevention of overloading 

7. Location of motor above flood, 
better ventilation, cleaner operation 

8. Controlled submergence of the 
pump assembly for more efficient 
operation. 


Specific Speed 


A variation of hydraulic characteris- 
tics of a centrifugal pump ties in with 
its range of specific speed. Specific 
speed is a term used to classify impel- 
lers according to their performance 
and proportions, regardiess of their 
rotative speed or actual size. It is a 
function of the proportions and is used 
only as a characteristic number. It is 
mathematically expressed as 
Q 

N,= N 
in which N, is the specific speed; N, 
speed of rotation (rpm); Q, capacity 
(gpm); and H, head (ft). 

The lower the specific speed, the 
higher is the head per stage that can 
be developed. Generally accepted val- 
ues for low specific speeds range from 
500 to 1,000; medium specific speeds, 
from 1,500 to 4,000; and high, from 
5,000 to 20,000. As the specific speed 
increases, the impeller goes from radial 
flow to mixed flow and, ultimately, to 
axial flow. Also the capacity increases 
and the head per stage decreases. 


High-Specific Speed Pumps 

Pumps with high specific speeds pro- 
duce the greatest capacity from a fixed- 
diameter pump assembly, but at a low 
head per stage. These pumps handle 
gas and air better and last longer when 
pumping sand than those with high 
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head per stage. They are more ex- 
pensive to manufacture, because of the 
need for complicated core work and 
molding and because of the greater 
-number of stages needed for a given 
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of best efficiency increases. Also, the 
head-capacity curve will tend to be flat 
near the best efficiency point toward 
the shutoff head. In some instances, 
this flatness develops into a reversal. 


140 


8 


Total Dynamic Head — ft 


1,000 


2,000 


Capacity — gpm 


Fig. 3. Typical Performance of Pumps With Different Specific Speeds: 
Head Capacity and Efficiency 


A, B, C, and D are curves of turbine, centrifugal, mixed-flow, and axial-flow pumps, 


respectively. 


and D, 12,300. The cross mark on each curve is at the point of best efficiency. 


The specific speeds of these pumps are: A, 3,500; B, 4,300; C, 7,000; 


These 


are the same pumps as in Fig. 2. 


head requirement. These pumps are, 
however, more versatile for variable- 
head applications. 

As the specific speed increases, the 
head-capacity curve becomes steeper 
(Fig. 1)—that is, the ratio of shutoff 
head to the head developed at the point 


Caution should be exercised when 
using the pump at or near this critical 
range, because the point of best effi- 
ciency may be very close to this flat 
area. 

The prevention of overloading is a 
very desirable feature of centrifugal 
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pumps, eliminating overloads in the 
range of specific speeds from 2,500 
to 4,500, at which the maximum horse- 
power is required at or near the best 
efficiency point. 


Low-Specific Speed Pumps 

Turbine pumps that deliver high 
head per stage have lower specific 
speeds than those that deliver low head 
per stage. Comparison of these two 
types of pumps—capacities being equal 
—reveals that the former has a pump 
assembly with a larger diameter, but 
with fewer stages for a given head re- 
quirement. Therefore, the well diame- 
ter often determines which of the two 
pumps can be used. The diameter of 
the bowl assembly imposes no limita- 
tions on the use of turbine pumps for 
booster service. 

Pumps with high head per stage 
have a flatter head-capacity curve and 
a horsepower curve that rises with an 
increase in capacity. They produce 
more suction, develop less downthrust, 
and cost less to manufacture than 
pumps with low head per stage. In 
comparing the two pumps, it should be 
realized that their characteristics over- 
lap in certain areas. Therefore, which 
to use depends on the particular appli- 
cation and the customer’s needs. 


Head-Capacity Curves 


Because of the varying characteris- 
tics of centrifugal pumps, it is desirable 
to see the graphic relationship between 
the head and capacity, horsepower, and 
efficiency of a pump under consideration 
(Fig. 2 and 3). These curves show 
the behavior of the pump under differ- 
ent pressures and capacities. A com- 
mon misconception about centrifugal 
pumps is that they supply the pre- 
scribed head at all times. Actually, 
the pump handles only what it meets 
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in the system; its performance is quite 
elastic. The head-capacity relation- 
ships are curved rather than straight 
lines, and the curve of a pump defi- 
nitely fixes its operating range. Also, 
the pump can be operated only at some 
point along the curve. A rising head- 
capacity curve is desirable for wide 
fluctuations in pumping heads, where 
friction head is a dominant factor, as in 
a booster pump used in parallel. A 
flat head-capacity curve is desirable 


420; 
/ 
360 
A 
00 
L 
240 
; 
180 
1720 160 200 240 +280 +320 360 
Capacity - gpm 
Fig. 4. System and Pump Head-Capacity 
Curves 
By plotting these two head-capacity 


curves together, pump performance can 
be analyzed to see if it is fit for a par- 
ticular system. 


where even pressures are wanted over 
a wide operating range, as with pumps 
boosting into dead-end lines. A falling 
head-capacity curve, in which the shut- 
off head is close to the operating head, 
is undesirable where pumps are used 
in parallel or where the total head is 
caused largely by elevation. In paral- 
lel operation, in order for each pump 
to contribute individually or collec- 
tively into a common discharge mani- 
fold, sufficient additional head is 
needed beyond the operating range to 
open the check valve and get on the 
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line. Often, this requires 117 per 
cent of shutoff head over normal oper- 
ating head. When a pump is placed 
on the line, it goes to shutoff head and 
then back to operating head. 

A centrifugal pump, of either the 
turbine diffuser or volute type, is ideal 
as a booster utilizing the positive pres- 
sures from gravity or from another 
pump and adding its own head-capacity 
characteristics. When two pumps are 
used together to boost pressure, they 
are connected in series; when used 
to increase capacity at the same heads, 
they are connected in parallel. When- 
ever pumps are selected to operate in 
series or in parallel, it is advisable to 
plot a system head curve with the 
pump performance curve. 


System Head Curves 


A system head curve is the result 
of plotting the curves of pipeline re- 
sistance, static head, pressure head, 
and the variations in water level, if 
the source lowers with increased ca- 
pacity. The operating conditions of 
the pump are best determined graphi- 
cally by plotting on the same sheet to 
the same scale both the pump and sys- 
tem head-capacity curves. The oper- 
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ating point is obtained by the inter- 
section of the two (Fig. 4). The pro- 
cedure is simple when only one pump 
and one pipe of constant diameter are 
involved, but becomes more complex 
with several pipe sizes and pipe grids. 
By plotting a system head curve 
against a pump head curve, the per- 
formance of a pump can easily be ana- 
lyzed to see if it can do the job within 
a system. 


Summary 


Choosing the proper booster pump 
can only be done after all the require- 
ments and limitations of capacity, 
head, and supply characteristics are 
known and carefully correlated with 
the total requirements. Good engi- 
neering dictates a careful study of con- 
ditions to insure the use of efficient 
equipment and the most economical 
size and arrangement of piping. It is 
probably true that a pump is no better 
than its piping system and installation. 

The vertical turbine booster pump 
can be designed to meet different re- 
quirements. It has excellent head- 
capacity characteristics and works well 
in series and parallel installations at 
low maintenance costs. 
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taste and odor problems got you down? 


get back on your feet 


ron 14511 AND ODOR CONTROL 


Over and over, AQUA NUCHAR proves that 
nothing surpasses the effectiveness of acti- 
vated carbon for eliminating taste-and-odor- 
forming substances. 


Every gram of AQUA NUCHAR contains 120 
billion particles of activated carbon with a 
surface area of 800 square yards. More sur- 
face... more adsorption . . . higher efficiency! 
Greater economy, too, because of the low 
concentrations of AQUA NUCHAR required 
(as little as 2-5 ppm average). 


More than 1200 water plants have found that 
AQUA NUCHAR, properly applied, is the 
only method universally effective against all 
causes of taste and odor. 


So when taste and odor problems get you 
down, phone or write us. Our field technical 
service staff is ready to help you set up a 
PALATABILITY program in your plant. 


division west virginia pulp and paper company 


230 Pork Ave. New York 17 Notional Bonk Bldg. Philodelphio 7 
35 Wocker Dr, Chicoge 2775 Morelond Bivd . Clevelond 20 
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Every TRIDENT 


Trident water meters are precision instruments . . . every 
part made to extremely close tolerances . . . every ma- 
terial carefully selected and tested to give longest life 
in your water system. 


Most important, every improvement made in new 
Trident meters immediately becomes available in re- 
pair parts for your older meters. You re-order only the 
latest parts. As you replace worn, out-dated parts over 
the years, your Tridents are automatically modernized. 


To protect you from substitutes . . . and to make 
sure you're getting the benefits of Neptune progress . . . 
the Trident trademark is put on most all Trident parts 
... and the date is put on every major Trident part. Take 
a look at these date marks. They show you how well 
Tridents last. They also show you how your older 
meters have been kept up to date over the 
years with improved Trident repair parts. 


Insist on genuine Trident parts . . . and check to be 
certain. 


NEPTUNE METER COMPANY 
19 West 50th Street © New York 20, N. Y. 


NEPTUNE METERS, LTD. 
1430 Lakeshore Rd. + Toronto 14, Ont. 


Branch Offices in Principal American and Canadian Cities. 


TRIDENT WATER 
TERS 
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More of San Francisco than could 
be included in last August’s pages 
(P&R p. 35) merits mention. There 
were, for instance, the colorful floral 
welcome that greeted AWWaAers in 
Golden Gate Park (see cut) and the 
movie men who were grinding away 
all week at the Civic Auditorium to 
record the conference story for screen- 


ing at section meetings in the coming 
year. There were the golf tournaments 
—the men’s at California’s oldest golf 
course, the Presidio, and the ladies’ at 
the California Golf & Country Club— 
and there were, from everywhere but 


the golf courses, statistics. We did 
learn that there were 108 players, 
among whom Dave Fiscus, San Marino 
Div. manager for the California Water 


& Telephone Co., was the winner of 
the water workers’ trophy and Russ 
Olsen (Badger Meter Mfg. Co.) of 
the manufacturers’ prize, but the scores 
were as unrevealed as the ladies’ ages 
or even scores or even winners. Other 
facts and figures, though, abounded: 

A total of 3,211 registered, a fact 
which made AWWA Secretary Ray 
Faust $94 richer, his guess of 3,212 
taking the Board of Directors regis- 
tration pool, 

Of the 3,211 total, 785 were ladies, 
1,376 were in water utility work or 
related fields, and 1,050 were manufac- 
turers’ representatives. Last year the 
breakdown was 687 ladies, 1,314 water 
utility men, and 1,023 manufacturers ; 
in 1957 the totals were 669 ladies, 
1,378 water utility men, and 1,021 
manufacturers. 

Of the 3,211, 30 per cent preregis- 
tered, 30 per cent registered on Sun- 
day, and 28 per cent registered on 
Monday. Next year, it is hoped, at 
least 50 per cent will take advantage 
of the convenience of preregistration, 
made available for the first time this 
year. 

The 3,211 registrants drank 5,013 
cups of free Pepsi Cola, second only 
to the record of 6,888 consumed in 


(Continued on page 50 P&R) 
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Atlantic City in 1957. Next May Bal 
Harbour, Fla., should top the pop 
record. 

Of the 3,211 registrants, more than 
100 came the scenic route, via 
AWWA’s Northwest Tour, and made 
history en route as theirs was the first 
train in some twenty years to pull into 
Corvallis, Ore. (see cut). 

More of San Francisco, we hope, 
but not for the moment, that’s Bal 
Harbour dead ahead—May 15-20, 
1960. 


ae 


‘Do It Now!’ went and done it, it 
seems. At any rate, the midyear re- 
view of construction in the F. W. 
Dodge Corp. Building Business notes 
that, although utility construction con- 
tracts were down 20 per cent from last 
year’s total, and although all other 
utilities declined, “contracts for water 
supply systems rose 21 per cent.” But 
before we sprain any arms at backpat- 
ting, we ought to remember that the 
backlog of water supply projects has 
been increasing faster than the work 


contracted, standing now at 2.7 billion 
dollars and that a good many major 
projects have not been contracted yet. 
A brief list in the Jun. 29 issue of 
Chemical Week included : 

California; an aqueduct running the 
full length of the state to carry water 
from the well supplied North to the 
arid central and southern parts of the 
state ; estimated cost, $12.5 billion; ad- 
ditional water supply, 19.6 bgd 

New Jersey: reservoirs for surface 
water and facilities for pumping addi- 


tional water from the Delaware River, 
also development of ground water sup- 
plies ; estimated cost, $170,000,000 first 
stage ; $575,000,000 second stage; tar- 
get dates, 1970 first stage, 2000 second 
stage; additional water supply, 420 
mgd first stage, 1.158 bgd second stage 

Ohio: diversion of water from Lake 
Erie by means of a canal to be linked 
with the Cuyahoga River, another canal 
at the other end of the river to carry 
the water back into the lake ; estimated 
cost, $56,000,000 first stage, $200,000,- 


(Continued on page 52 P&R) 
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This complete pneumatic system in- 
cludes all the essential elements for 
the operation of water treatment 
plants. It is used for raw water flow 
control, flow measurement, chemical 


i roportioning, level control and con- 
Here's 


trol of gravity filter operation. 
W PI Reliable mechanisms produce con- 
ater ant trolled air pressure for actuating 
meters, feeders and controllers and for 
Control measuring flow, head loss or water level. 
The simplicity of this design offers 
You Can you important plus values. Measure- 
ments are accurate and instantaneous. 


Depend Upon! Operation is dependable. Maintenance 


is simple. Write for Bulletin 1100. 


INSTRUMENTS 


INFILCO Incorporated, General Offices —Tucson, Arizona 
Field offices throughout the United States and other countries. 
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000 second stage; target dates, 1980 
first stage, 2000 second stage; addi- 
tional water supply, 2.7 bgd first stage, 
4.3 bgd second stage 

Oklahoma; a 200-mile canal to tie 
in with Arkansas River Basin project ; 
estimated cost, $200,000,000; target 
date, 1972; additional water supply, 
1 bgd 

Rhode Island: large water district 
being created in Providence area to 
cover city and neighboring towns, pip- 
ing surface water to different areas 
where treatment plants will be built; 
estimated cost, $14,400,000; target 
date, 1975; additional water supply, 
61 mgd 

Texas: a large canal across entire 
state to intercept flow of seven rivers 
and redistribute the water to arid re- 
gions ; estimated cost, $1.1 billion; tar- 
get date, 2000; additional water sup- 
ply, 7.1 bgd. 

Just these few projects add up to 
an estimated cost of $15 billion for a 
total of 36 bgd. And they, of course, 
are only a beginning. Do It Now! 


Bernard L. Werner has been ap- 
pointed director of public works at 
Baltimore. In his new position he 
will have charge of the ten bureaus 
composing the Dept. of Public Works, 
including the Bureau of Water Supply, 
which he headed as water engineer for 
5 years. 


Et tu, Esch. coli? was all that we 
could say to the news from a recent 
meeting of the Assn. of American Phy- 
sicians that a corollary of the success 
of sulfanilamide, penicillin, streptomy- 
cin, and the other wonder drugs has 
been the stirring up of those normally 
harmless inhabitants of our bowels and 
other organs—Pseudomonas aerugi- 
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nosa, Proteus mirabilis, Aerobacter 
aerogenes, and Escherichia coli. In- 
formed speculation is that these organ- 
isms were formerly held in check by 
substances secreted by such killers as 
streptococcus and pneumococcus, which 
now, having been eliminated, are no 
longer available to protect against the 
misanthropic tendencies of these decay 
bacteria. Less informed, but perhaps 
more interesting to water works men, 
is the speculation that water treatment 
plants have done their work so well 
over the years in cleaning up coliform 
pollution that their customers have lost 
their resistance to the organisms. 
Whatever the cause, though, we can 
but mourn: 

Et tu, Esch. coli? Then fall, hu- 
manity? For if good friend to all, who 
lies in every bowel, now turneth killer 
and would do us in, then may we better 
soon succumb than later to some lesser 
friend, less likely to stick with us to 
the rotten end! But wait, hold off, 
do nothing for the nonce. Have we 
not heard from Gaul of older, wiser 
ways d@ notre santé? Yea, that we 
have, through Newsweek, thus and so: 


As if to confirm the hidden wisdom 
in the traditional Gallic toast “to your 
health,” France’s High Committee of 
Studies on Alcoholism has just reported 
that a good red Bordeaux can kill the 
bacilli of typhoid fever as well as sta- 
phylococci and other germs on contact. 
As a germicide the experimenters rated 
wine almost on a par with penicillin. 


And wine, of course, has long been 
known to soothe, rather than stir up 
our coliformic convivantes. 


K. A. Steel Chemicals Inc. has 
moved its offices to 5555 N. Sheridan 
Rd., Chicago 40, IIl. 
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Allis-Chalmers introduces... 


New vertical turbine pump- 


Now Allis-Chalmers brings its 85 years of pump the 
experience to the short-coupled vertical tur- 
bine-type field. This addition not only rounds 4 
out industry’s most complete single source for prime pump 
pump installations, it offers many advantages 
wherever liquids are to be pumped. Standard 
sizes for heads up to 400 ft or more, and capa- that needs 
cities ranging from 20 to 8000 gpm. 

Pressures can be increased by simply adding n i mM 1 n 
a stage to the existing pump without increasing O pri 1 & 
space requirements. Equipment and installation 
costs are low. Motor and discharge nozzle are 
supported by a single, small foundation. There’s 
no need for suction pipe, interlock controls or 
priming equipment. Allis-Chalmers hollow-shaft 
motors remove the danger of open couplings. 


MODERNIZE 


Allis-Chalmers pump experts will be happy to tell you about this new addi- 
tion to an outstanding line. Contact your A-C representative or distributor, 
or write Allis-Chalmers, General Products Division, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 


A-1163-JAW 
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"quietly * low, maintenance with one stuffing 
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ing, cooling condensers and diesel jackets, air 
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The sticks and stones philosophy 
that we learned as a child is now being 
systematically undone by the Engineers 
Joint Council. Names can, too, hurt 
you, says EJC, in a series of ads ap- 
pearing in Editor & Publisher—not 
just bad names, either, but wrong ones. 
And most people, it seems, call engi- 
neers “scientists” or “technologists,” 
which are not bad, but which is bad! 
With the idea that people should say 


One of a series 

Say Engineer, When 

You Mean Engineer 
Somehow it’s become popular to speak of 


science and technology—popular, that is, with 
everyone but engineers. 


Engineers are in a partnership with scientists 
in this great industrial nation of ours—de- 
signing its products, constructing its com- 
munications, and even producing its missiles. 


The U. S. is reaping fruits of a highly devel- 
oped _technology—a vast body of engineering 
and scientific know-how. And the fellows with 
that know-how are scientists and engineers. 


So when you speak of these fellows—or write 
of them—call them what they call themselves. 
Call them engineers. 


Engineers Joint Council 
29 West 39th St., N. Y. 18, N.Y. 


For information, call Pennsylvania 6-9220 


neer” (see ad above), we are in com- 
plete sympathy; engineers ought to 
reap full credit and take full blame 


for the things they do. But with 
EJC’s corollary complaint—that people 
do not properly respect the title “engi- 
neer”’—we cannot go along. From the 
time we were so high and felt that we 
would be eternally happy if we could 
only be an “engineer”—albeit a “‘loco- 
motive engineer”—we have always 


thought that the title “engineer” was 
really something. And we, it appears, 
are not the only one so impressed. 
Salesmen would certainly not be call- 
ing themselves “sales engineers,” or 
public relations men “opinion engi- 
neers,” if the title bore the slightest 
hint of disrepect. And when the title 
is so generally appreciated that our 
janitor likes to be known as a “main- 
tenance engineer,’ how can any one 
doubt that “engineer” has it made? 
As a matter of fact, we were toying 
with the idea of joining the profession 
ourself, as a grammatical engineer, un- 
til we read EJC’s theme: “Scientists 
make it known, but engineers make it 
work!” That, of course, puts us in 
our scientific place. Ah well, names 
will never hurt US! 


A statewide monitoring program 
has been set up by the Pennsylvania 
Health Dept. to determine how much, 
if any, radioactivity exists in public 
water supplies. Samples of both raw 
and treated water are being collected 
daily by sixteen water utilities cooperat- 
ing in the program, and composite sam- 
ples are to be forwarded once a month 
to Harrisburg for analysis. The pro- 
gram has the twofold purpose of de- 
termining what radioactivity is present 
in water supplied to the public and the 
efficiency of treatment methods for 
eliminating the hazard. In addition, 
results of the program will be of value 
in planning civil defense measures for 
public’ water supplies. It is empha- 
sized that there has been “no appre- 
ciable increase in the amount of radio- 
activity in public water supplies, due 
to fallout, in recent years,”’ but the new 
testing program will establish present 
levels of radioactivity in water sup- 
plies, so that any changes can be 
quickly detected. 


(Continued on page 56 P&R) 
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Division of 
Union Tank Car Company 


216 WEST 14TH STREET, NEW YOR 


Inter-Organization Correspondence 


TO: General Manager 
FROM: Technical Director 
SUBJECT: Review of Reactivator History 


Approaching the 20th anniversary of the Reactivator we would 
like to summarize briefly its rise to the leading position 
among solids-contact water clarifiers and softeners. From 

the beginning, two basic elements were incorporated in the 
Reactivator design: positive sludge recirculation and 
mechanical sludge removal over the entire bottom area. Twenty 
years have confirmed the soundness of these original concepts. 


By a constant effort to improve design performance, some 
important modifications have been made. (1) The method of 
inducing solids-contact was changed from air to impeller-pump 
to produce gentle and effective sludge recirculation. (2) The 
geometry of the machine was modified to get the best 
conditions for separation of solids from water. (3) Increased 
knowledge of sludge characteristics led to the redesigning of 
the sludge removal system. 


As a result of these changes the Reactivator is able to 
provide: (1) solids-contact with the highest ccncentration of 
solids for the longest period of time; (2) an increase in 
throughput rate up to 24-3 gpm/sq. ft. in certain cases; 

(3) more reliable and efficient mechanical sludge removal ; 
(4) outstanding surge-proof characteristics. 


Probably the most significant work in our program to improve 
the machine has been our very extensive field studies. We have 
had the opportunity to work with units from 8 to 125 ft. round 
and square on applications as widely divergent as...clarifying 
Arctic tundra lake water...softening and clarifying 
Mississippi and Colorado River waters...reducing color in 
Louisiana bayou water...treating hard, clear midwestern deep 
well supplies, and many more. The complete story of these 
applications is contained in our new Reactivator Bulletin 
wc-103C. 


The sum total of our experience and knowledge has gone to make 
the present-day Reactivator the most versatile and reliable 
solids-contact unit on the market. It is gratifying to all of 
us to have participated in the development of such a machine. 


Technical Director 
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The wheel seems to be rolling fast 
toward oblivion. Its first spin in that 
direction came last spring when Albert 
Sfredda of Bethlehem, Pa., won a first 
prize in the 1959 Mars (pencil, not 
planet) Outstanding Design Contest 
with a truck that ran on squares in- 
stead of wheels (see cut). Sfredda’s 
idea is that the square shape gives su- 
perior traction in mud, sand, snow, or 
on uneven terrain by bridging ruts in- 
stead of sinking into them. The 


squares, it is claimed, run smoothly in 


any relative position without synchroni- 
zation. They are designed for use on 
heavy trucks, jeeps, and farm or con- 
struction machinery, on which “they 
will permit speeds of up to 35 mph.” 
Then, in July, Curtiss-Wright Corp. 
announced that it would begin produc- 
tion in November of a 300-hp “air- 
car” that would travel neither on 
wheels nor squares, but on a cushion of 
low-pressure, low-velocity air, at a 
height of 6-12 in., over land, water, 
swamps, or mud, requiring no expen- 


sive paved suriaces and no bridges. 
The air-car, which is said to attain 
speeds of 60 mph, is now available for 
demonstrations at Caidwell, N.J., where 
pictures of the air-trucks and air-buses, 
of which prototypes are now in process, 
are on view. And at Virginia City, 
Nev., where Curtiss-Wright has a 
plant, a test area with 25 mi of the 
special low-cost road (cleared of large 
obstructions and stabilized with a coal- 
based road paving binder for dust con- 
trol and washout prevention) is being 


set up to demonstrate performance in 
mountainous and desert terrain. 

The implications of both squaremo- 
biles and airmobiles are almost un- 
ending, but it is the airmobile that is 
bound to have the greater, because it 
has the lesser impact. Thus, on air- 
mobile highways, water lines can be 
laid without concern about traffic load 
or paving. And in our society, it will, 
no doubt, be the blowhard, rather than 
the square, who takes over from the 
big wheel. 


(Continued on page 58 P&R) 
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Retired after 20 centuries of serv- 
ice, still in working order, was the 
record of a plug valve that had been 
in daily use at the reservoir of a Roman 
villa at Frascati since before the birth 
of Christ. After it was replaced in 
1956 by the peasants who had used it 
in drawing water for irrigating their 
fields, Dr. Mario Fera, engineer and 
metallurgist for an Italian petroleum en- 
gineering firm, examined it and traced 
its history as part of a study of valves 
of that period. Reporting at the Fifth 
World Petroleum Congress in New 
York, Dr. Fera pointed out that the 
valve measured up to present ASA 
standards. He also described a giant 
valve salvaged from a yacht owned by 
Emperor Caligula (37 AD), noting 
that : 


The valve is made of a zinc-free, lead- 
rich, anticorrosion, antifriction tin bronze 
of a composition very similar to ASTM 
B1443D cast acid metal used for valves, 
parts, and fittings, for acid service, and 
to ASTM B1443E antifriction bronze 
used for bearings and the like. 


All of which merely confirms the fact 
that Rome didn’t fall, it had to be 
disassembled. 


Water flowed like money in Reno 
last August as a well yielding 3,500 
gpm was brought in by Layne Texas 
Co. And to make this Nevada miracle 
even more miraculous, the 5 mgd pro- 
duced is sand free in an area where 
well waters are known for their high 
sand content. Behind the miracle were 
a careful study of the geology, hydrol- 


(Continued on page 60 P&R) 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 
Can be used for any de- 


termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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How it can affect design of 
water softening installations 


Whichever filter medium you select—sand, gravel or 
anthracite, undissolved crystals of rock salt—this 
much is clear: dissolver design and regeneration 
expenses are bound to be affected. For example: 
Provision should be made for periodically removing 
the accumulated insolubles from the filter bed. 
Design of filters should incorporate the 

necessary cleanout facilities. And a brine-filtration 
setup that performs well with one type of salt 

may be inadequate with another. 


The growing amounts of brine in use in today’s 
large-capacity water softening installations 
complicate filtration problems. That’s why treatment 
plant designers and builders are turning more 
frequently to International Salt Company. With 

over 50 years of experience and continuing 

research in all phases of salt handling and brine 
production, International can suggest many new 
and practica! ideas in connection with salt purchase, 
storage and dissolving for regenerating ion exchangers. 
There is no charge for this service. 


Service and research are the 
extras in STERLING SALT 


INTERNATIONAL SALT CO., INC., SCRANTON 2, PA. * Sales Offices: Boston, Mass. ¢ Buffalo, N. Y. 
Charlotte, N. C. ¢ Chicago, Ill. ¢ Cincinnati, O. ¢ Cleveland, O. ¢ Detroit, Mich. « Newark, N. J. 
New Orleans, La. * New York, N. Y. © Philadelphia, Pa. © Pittsburgh, Pa. * St. Louis, Mo. 
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ogy, and ground water quality of the 
area, the use of gravel wall construc- 
tion, and the inclusion of precision- 
manufactured screens of the “bar-lug”’ 
type. Impressed with this and with 
the fact that the flow was the largest 
of its kind known “in the four-state 
area and, perhaps, in the entire na- 
tion,” we were almost equally im- 
pressed with Layne’s flowmeter until 
we were told that the photo below was 
“merely for publicity.” Be that as it 
may, C. P. Bryant, construction super- 
intendent for Layne on the project, 


seems impressed. Oh yes, holding the 
flowmeter we mentioned above is 
Phillys Paul. 


George A. Marshall, superintendent 
of the Portland (Ore.) Bureau of Wa- 
ter Works since 1947, will retire on his 
70th birthday in January. He has 
been with the city since 1913. Suc- 
ceeding him will be Ted Suderberg, 
currently supervisor of Portland’s Div. 
of Sewer Repair, who will act as spe- 
cial assistant to Marshall until the 
changeover in January. 


Legal notes: Fire service adequacy. 
A Pennsylvania wood products manu- 
facturer complained to the state public 
utility commission that a local water 
company was not providing fire service 
at pressures meeting NBFU standards. 
The commission’s dismissal of the com- 
plaint has been upheld by the state su- 
perior court on the grounds that the 
commission is not bound to accept the 
standards of the NBFU or any similar 
group and should judge each case on 
its merits. Noting that improvement 
of pressure would require a consider- 
able outlay by the utility primarily for 
the benefit of a single customer, the 
court said: “A utility rendering rea- 
sonably adequate service should not be 
subjected to unreasonable expendi- 
tures, or the consuming public unduly 
burdened, because of the unusual or 
extraordinary demands of one cus- 
tomer.” 

Pollution control. A cease and de- 
sist order has been served by the fed- 
eral secretary of health, education, and 
welfare on the city of St. Joseph, Mo., 
and eighteen meat-packing and other 
industrial establishments there, to bring 
to an end the discharge of untreated 
wastes into the Missouri River. A 
hearing board appointed under the Fed- 
eral Water Pollution Control Act 
found such discharge to be a health 
hazard and a serious interference with 
use of the stream in Kansas for public 
water supply and other purposes. The 
board held that treatment was practica- 
ble and recommended a deadline of 
Jun. 1, 1963, for completion of facilities. 

Reservoir recreational use. The 
California legislature has passed the 
“Masterson Bill” establishing a proce- 
dure for opening to recreational use 


(Continued on page 62 PER) 
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REX Water Treatment Equipment 


Better Flocculation. The Rex 
Floctrol makes possible the pro- 
duction of an optimum floc with 
the minimum amount of chemicals 
-..savings in both power and 
chemical costs. 


Better Sludge Removal. Rex 
pioneering in conveyor sludge 
collector design has led the way 
to positive, efficient high-capac- 
ity removal of sludge from settling 
tanks...far lower operating and 
maintenance costs. 


Better Settling. Use of the Rex 
Verti-Flo Clarifier makes possible 
improved settling...increases 
capacities...effects important 
cost savings. 


Better Clarification. Design 
of Rex Rim-Flo Clarifiers provides 
increased capacity — maximum 
efficiency in circular tanks. Entire 
tank volume is utilized — short- 
circuiting practically eliminated. 


Designed for quality... built for performance... 


Continuous research and product 
improvement have long been the 
guiding principles of CHAIN Belt 
Company. The important develop- 
ments illustrated here are but a few 
of the contributions CHAIN Belt 
has made toward greater efficiency 


and economy in the operation of 
water treatment plants. 

A Rex District Sales Engineer 
will be happy to provide the com- 
plete details...or write CHAIN 
Belt Company, 4609 West Green- 
field Avenue, Milwaukee 1, Wis. 


CHAIN! ser 
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the reservoirs owned by governmental 
agencies other than chartered cities. 
The provisions do not apply to reser- 
voirs holding water that is used for 
domestic supply without treatment after 
withdrawal. 


A sour legal note was struck by the 
village of Pawling, N.Y., in settling a 
contractor’s claim for $12,770 for pub- 
lic water supply improvement. It 
seems that, in the course of clearing 
an area to enlarge a_village-owned 
reservoir, the work crew inadvertently 
encroached on the land of a neighbor- 
ing farm. When the error was discov- 
ered, the landowner deeded the piece of 
property to the village, but, owing to a 
state law forbidding local governments 
to construct public improvements on 


private land, Pawling had to request 
a special act of the legislature before 
the contractor could be paid. The 
name of the generous farmer? Thomas 
E. Dewey. 


Up to their ears in water have 
been Detroit and its neighboring com- 
munities ever since the Wayne County 
Road Commissioners, at the urging of 
the Detroit water board, went ahead 
with design and construction of a 
$50,000,000 water plant to supply com- 
munities throughout the county that 
are now supplied by Detroit. With a 
change in administration and outlook, 
Detroit decided that it could do the 
job more efficiently than the county 
and brought the issue to a head by 
filing a taxpayer’s suit against the 


(Continued on page 64 P&R) 


for Public Water Fluoridation 


Sodium Silicofluoride -99% 


Sodium Fluoride-98% 


(Powder or Granular) 


Meet AWWA specifications 


Dry and 


free-flowing 
Minimum of storage space «+ Available in bags and drums. 
Minimum of dust in handling 


THE AMERICAN AGRICULTURAL 


CHEMICAL COMPANY 
100 Church Street, New York 7, N. Y. 


(Powder) 
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adds extra 

staying power 
to 

hot application 

fully plasticized 

enamels 


It creates a bond between fully 
plasticized coal tar enamel and metal 
that strengthens as it serves... that, 
when properly applied, increases 

the reliability factor of the 

application process on steel pipe and 
tank surfaces to a comfortable 100%. 


Reilly 230 X-1 Primer is 


1. Quick drying, 20 minutes + in clean atmosphere at 70°F. 
2. Non-sagging and non-curtaining. 

3. Economical to use (750 to 1400 sq. ft. gal. coverage). 

4. Derived wholly from coal tar materials. 

5. Acceptable to A.W.W.A. and government standards. 


Primer 


Specify REILLY 230 A. W. W. A. enamel with 230 X-1 primer. Also, 
soon to come, HS X-1 for Hot Service and QD-X-1 for Int diate 


REILLY TAR & CHEMICAL CORPORATION 


1615 MERCHANTS BANK BUILDING 
11 So. Meridian Street 
Indianapolis 4, Indiana 


Reilly 
4 
| 
rimer | 
Reilly 
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Protective Coatings 
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One of a 
complete line of 
Water Service 
Froducts 


GENERAL PRODUCTS DIVISION 


HAYS MFG. CO. 
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county which effectively blocked com- 
| pletion of the new system. Now, under 


an agreement finally approved on Jul. 
30, the city will drop its suit, permit 
the county to finish the plant, and then 
take it over on completion, paying the 
county approximately $58,000,000 for 
the new plant and the existing county 
system of transmission mains. <A 
strong consideration in the agreement 
has been the expectation that adequate 
feeder mains to the suburbs and the 
strengthening of suburban systems can 
be accomplished much more rapidly by 
Detroit under the lease-purchase-oper- 
ate agreement than by the county, par- 
ticularly against the opposition of De- 
troit. And, as if to assure the support 
of county residents, a July drought 
brought such a surge of lawn sprinkling 
that fifteen of the suburbs were practi- 
cally dry and many others sustained a 
noticeable pressure dip. Thus, not 
even the announcement of a rate in- 
crease to both county and city averag- 
ing 13-15 cents per month had any 
effect as the county supervisors voted 
81 to 3 in favor of the deal. All this, 
we understand, had absolutely nothing 
to do with the news, broadcast through- 
out the nation on Aug. 24, that the 
basement of Gerald Remus, superin- 
tendent of the water board, had been 
flooded the night before. And as proof 
that peace has been restored, he wasn’t 
even accused of hoarding. 


Freese, Nichols, Turner & Collie, 
Houston, Tex., engineering firm, has 
announced the withdrawal of two Fort 
Worth members, Simon W. Freese and 
Marvin C. Nichols. The Houston firm 
will continue under the name of Turner 
& Collie, while the Fort Worth firm 
will practice as Freese, Nichols & 
Endress. 


(Continued on page 66 P&R) 
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“T” stands for Tuberculation and Trouble 
“C” (for Calgon’) stops both 


Tuberculation does mean Trouble, 
and with a capital “T.’’ Flow rates 
go down, pumping costs go up; 
eventually the pipe will have to be 
cleaned—and the trouble starts 
all over again. 

This problem can be controlled 
—easily and economically with the 
Big “C.”’ Calgon treatment is as 
inexpensive as it is effective—a 
few parts per million is all that is 
required to provide full time pro- 
tection to pipes and mains. Calgon 
treatment is particularly effective 
after mechanical main cleaning, 


since the metal protecting film 
forms rapidly, and continued treat- 
ment will maintain the water ex- 
cluding barrier. 

The easy way to control tuber- 
culation, and other corrosion prob- 
lems as well, is Calgon treatment.* 
A letter or phone call will put ex- 
perience with water problems of 
all kinds at your service. 


CA LG © ba COMPANY 


DIVISION OF HAGAN CHEMICALS 4&4 CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH 3O, PA. 
in Canada: Hagan Corporation (Canada) Limited, Toronto 


* Fully Licensed under U.S. Patent 2337856 
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Wisconsin Water Works Week, 
Sep. 20-26, brought still another official 
recognition of the importance of public 
water supply and those who supply it. 
Our copy of the proclamation came 
unexplained, but from its text we know 
that Section Secretary Harry Brei- 
meister and the other officers of the 
Wisconsin Section had an important 
hand in promoting it: 


WuHereEas, almost two-thirds of the 
population of the State of Wisconsin is 
dependent upon public water supplies for 
its daily needs ; and 

Wuereas, the availability of potable 
water is essential to the health and wel- 
fare of our citizens; and 

WHEREAS, the maintenance of adequate 
water distribution facilities is essential to 
the safety and economic life of our State; 
and 

Wuereas, the Wisconsin Section of 
the American Water Works Association, 
through many persons of management and 
technical capacity, is constantly extend- 
ing its efforts toward water conservation 
and improvement of water works opera- 
tions; and 

WHEREAS, it is of public interest for 
our citizens and civic leaders to become 
acquainted with and support planned wa- 
ter works development: 

Now, therefore, 1, Gaylord A. Nelson, 
Governor of the State of Wisconsin, do 
hereby proclaim the week of September 
20 to 26, 1959, as Wisconsin WATER 


Works WEEK and request all citizens to 
join with me in paying tribute to the pub- 
lic water utilities and associated personnel 
for contributing so much to the life and 
well-being of the people of our State. 


With June 1958 Water Works 
Month in Missouri, November 1958 
Water Works Month in West Vir- 
ginia, 1959 Water Works Year in IIli- 
nois, and Jul. 12-17 Water Works 
Week in San Francisco leading up to 
this, we hope we see a trend toward 
more good times acoming. 


G. R. Herzik Jr. has been named 
director of the Div. of Sanitary Engi- 
neering, Texas Dept. of Health, re- 
placing the late V. M. Ehlers. Herzik 
has been with the department since 
1937. 


Bernard S. Bush, regional sanitary 
engineer of the Pennsylvania Dept. of 
Health, died Aug. 4, 1959, at Wilkes- 
Barre, Pa. He was 60. Born in Bear 
Creek, Pa., in 1899, he held a B.S. in 
mechanical engineering from Pennsyl- 
vania State College. He joined the 
health department in 1927 as an as- 
sistant in the engineering bureau of 
the Wilkes-Barre office, and advanced 
through several promotions until named 
district (now regional) sanitary engi- 
neer in 1940. He was widely known 
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MONTEREY SAND CO. 
Crystal Amber Giller Sand & Gravel 
“The Standard of the Industry” 


In conformity with A.W.W.A. specifications for filtering material 
or made to your own specification. 


Shipped Bulk or in 100 Ib. bags. 
Filtration specialists for over 15 years 
P. O. Box 928, Monterey, Calif. — Inquiries Invited 


= 


WATER IS USUALLY GROWTH PROBLEM NUMBER ONE 


For growing communities with new residential or industrial developments, the 
first problem often to be solved is that of an adequate supply of water. Graver 
has solved this problem over and over again, for expanding towns like Akron, 
Indiana. This 100 foot _ 150,000 gallon elevated water tank for Akron is one 
of a large number of tanks, standpipes and reservoirs built by Graver—in sizes 
from 25,000 to 6,000,000 gallons. For help in solving your water needs, call on 
Graver, fabricators for over a century. 


GRAVER TANK & MFG. co. EAST ocean INDIANA 


DIVISION—UNION TANK CAR COMPANY 
Plants and Offices Across America 
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Professional Services 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 
Water, Sewage, Industrial Wastes and Incineration 
Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industria! Buildings 
Investigations, Reports, Appraisals and Rates 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 


Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. E. 3rd St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 


Engineers 


Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


CLINTON BOGERT ENGINEERS 


Consultants 


Curnton L. Bocert Ivan L. 
Donato M. Dirmars Ropert A. Lincotn 
Cuarves A. Manganaro Martin 


Water & Sewage Works 
Drainage 
Highways and Bridges 


145 East 32nd Street, New York 16, N. Y. 


AWWA STANDARDS 


for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 


Send for list of publications. 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 


Bowe, Albertson & Associates 


Engineers 


Water and Sewage Works 
Industrial Wastes— Refuse 
Disposal—M unicipal Projects 
Industrial Buildings— Reports 
Plans—Specifications 
Supervision of Construction 
and Operation— Valuations 

boratory Service 


75 West Street New York 6, N.Y. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louis E. Ayres Ropert Norris 
George E. Lewis Donavp C. Mar 
Sruart B. Maynarp Homer J. Harwarp 


Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


Brockway, Weber & Brockway 


Engineer<, Incorporated 
8 Brockway Roy E. Weber 
R. Brockway 


H. L, Fitzgerald 


Robert E Owen 
Thomas A. Clark 


Charles A. Anderson 
Ben E. Whittington 
Ernest L. Greene 
Thomas R. Demery 
Civil, Structural. Sanitary, 
Municipal, Electrical, Land ning 
West Palm Beach, Florida Ft. Pierce, Florida 


BLACK & VEATCH 


Consulting Engineers 
1500 Meadow Lake Parkway, 
Kansas City 14, Missouri 
Water Supply Purification and Distribution ; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BROWN AND CALDWELL 


Civil and Chemical Engineers 

Water—Sewage—Industrial Waste 

Consul!tation— Design—Operation 
Chem ical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 
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Flood Control 
Airfields 
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BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Supepty—Sewace Disposat— 
Hypravutic DevELopMENTSs 
Reports, Investigations, Valuations, Rates, 


Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 E. 19th St., New York 3, N. Y. 


Professional 
Seruices 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 

Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 
2015 W. Fifth Ave. Columbus 12, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuati Rates— Manag t 

Laboratory—City Pl 


601 Suismon Street 
Pittsburgh 12, Penna. 


BURNS & McDONNELL 


Engineers—Architects—Consultants 


4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


CHAS. W. COLE & SON 


Engineers and Architects 


3600 E. Jefferson Blvd. 2112 W. Jefferson St. 
South Bend, Indiana Joliet, Illinois 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. A. Bennetr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 


CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply—Sewerage 

Flood Control & Drainage—Bridges 


Ornamental Street Lighting— Paving 
Light & Power Plants—Appraisals 


360 E. Grand Ave. Chicago 11 


CAMP, DRESSER & McKEE 


E 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


DAY & ZIMMERMANN, INC. 
Consulting Engineers 


Valuations 
Feasibility Studies & Reports 
Rate Cases & Financial Studies 
Supervisory Consulting Service 


1700 Sansom St. Philadelphia 3, Pa. 


CAPITOL ENGINEERING CORP. 


Consulting Engineers 
WATER WORKS—SEWAGE DISPOSAL— 
AIRPORTS — DAMS — BRIDGES— ROADS 
AND STREETS 
Investigations, Reports, Appraisals, Rates, 
Survey and Design, Construction Supervision 


Dillsburg, Pa. 
Rochester, N. Y. Washington, D.C. 


Fay, Spofford & Thorndike, Inc. 
Engineers 
Water Supply and Distribution Ras Drainage 


Sewerage and Sewage Treat 
Airports — Bridges — Express Highways 


Investigations Reports Valuations 
Designs Supervision of Construction 


Boston, Massachusetts 
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he 
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PROFESSIONAL SERVICES 


Professional Services 


FINKBEINER, PETTIS & STROUT 
Consulting Engineers 
Water Supply, Water Treatment, 


Sewerage, Sewage Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


GREELEY AND HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


14 E. Jackson Blvd., Chicago 4 


FREESE, NICHOLS & ENDRESS 


Consulting Engineers 


Fort Worth, Texas 


GROUND WATER ASSOCIATES 


Consulting Hydrologists and Engineers 


Investigations, Reports and Recommendations 
on Underground Water Supplies. Preparation 
of Plans and Specifications. 
Box 480 JEfferson 6-0494 
Norman, Oklahoma 


FROMHERZ ENGINEERS 
Structural—Civil—Sanitary 
Four Generations Since 1867 
Water Supply ; Sewerage; Structures; 
Drainage ; Foundations 
Highways & Streets 
Investigations; Reports; Plans and 
Specifications ; Supervision 
New Orleans 


WILLIAM F. GUYTON 
& ASSOCIATES 
Consulting Ground- Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 
307 W. 12th St. 


Austin 1, Texas 
Phone: GR-7-7165 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 
Water 
Industrial Wastes Garbage Dis posal 
Bridges cod Control 
Town Planning—Appraisals 
Investigations & 
Harrisburg, Pa. 


ia, Pa. 
Pittsburgh, Pa. & 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 


& Industrial Wastes— 

ydraulics 

Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 


GET YOUR COPY NOW! 


A list of AWWA books, manuals, standards, 
and other publications may be had for the 
asking. Is your iibrary complete? 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 


HAVENS & EMERSON | 


A. A. Burcer H. H. Mosevey 
F. 8. Patocsay 
G. H. ABPLANALP 
8. H. Surron 
F, Consultant 


Consulting Engineers 


Water, Sewage, Gertag, Industrial 
Wastes, Valuations— Laboratories 


Woolworth Bi 


Leader 
CLEVELAND 14 NEW YORK 
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Professional Services 


HAZEN AND SAWYER 
Engineers 
Richard Hazen Alfred W. Sawyer 
H. E. Hudson, Jr. 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd Street 3333 Book Bidg. 
New York 17, N.Y. Detroit 26, Mich. 


THE JENNINGS-LAWRENCE CO. 
Civil & Munic 
Consultants 


ipal Engineers 


Water Supply, Treat 


t & Distrib 


Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue 


Columbus 12, Ohio 


ANGUS D. HENDERSON 


Consulting Engineer 


Water Supply and Sanitation 


330 Winthrop St. 
210 -07—29th Ave. 


Westbury, New York 
Bayside, New York 


JONES, HENRY & 


WILL 


IAMS 


Consulting Sanitary Engineers 


Water 
Sewerage & 


Works 
Treatment 


Waste Disposal 


Security Bidg. 


Toledo 4, Ohio 


H. G. Holzmacher & Associates 
Consulting Engineers 

H. G. Hotzmacuer 

R. G. 8. C. McLenpon 
Municipal Engineering 

Water Supply & Treatment 
Sewerage & Treatment 

Water Analysis Laboratory 


66 W. Marie Street, Hicksville, L. I., New York 


HARRY J. 


KEELING 


Consulting Engineer 
Electrical— Mechanical—Corrosion 


Investigations—Reports— Advisory Service 


Mobile radio communication systems ; 


Special 
Soil corrosion 


mechanical 


design problems ; 
, Electrolysis, 


Cathodic protection 
of buried or submerged metal! surfaces. 


1718 Livonia Avenue _Los Angeles 35, Calif. 


HORNER & SHIFRIN 


Consulting Engineers 
V. C. Lischer 


Airports, Sewerage & Drainage, Hydrology, 

Sewage & Industrial Waste Treatment, 

Water Supply & Treatment, Paving, Struc- 
tures, Industry Engineering Services 


E. E. Bloss 


604 Mission St., San Francisco 5 
1221 Locust Street St. Louis 3, Mo. Tacoma Los Angeles Salt Lake City 
ROBERT W. HUNT CO. DEAN S. KINGMAN 
Inspection Engineers Consulting Engineer 
(Established 1888) 
Inspection and Test at Point Water Works 
of Origin of Pumps, Tanks, Sewerage & Treatment 


Conduit, Pipe and Accessories 
St. 

7, Ti. 

and Principal Mfg. Centers 


810 S. Cli 


KENNEDY ENGINEERS 


Ricuarp R. Kennepy Rosert M. Kennepy 


Investigation— Design 


Water Supply 


Water Purification 


Sewage and Waste Treatment 
Water Reclamation 


153 University Avenue 
Palo Alto, 


California 
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Professional Services 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


JOHN F. MANN, JR. 
AND ASSOCIATES 


Consulting Groundwater Geologists 


Investigations, Reports, Advice 
on Underground Water Supplies 


945 Reposado Drive La Habra, Calif. 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Eighth St. Los Angeles 5, Calif. 


METCALF & EDDY 


Engineers 


Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 
Valuations 
Laboratory 
Statler Building 
Boston 16 


Airports 


R. E. LAYTON & ASSOCIATES 


Consulting Engineers 
Water Supply—Water Purification & 
istribution 
Waste Water Dis 
Water Power—Hydraulic Structures 
Small Craft Harbors 
Investigations—Reports— Design 
Construction Plans & Specifications 
655 West Avenue 135th 
San Leandro, California 


JAMES M. MONTGOMERY 
Consulting Engineer 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 


535 E. Walnut St. Pasadena, Calif. 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Water Supply Salt Water Problems 
Dewatering Investigations 
Recharging Reports 


551 Fifth Avenue New York 17, N. Y. 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


Sewage Treatment—Water Supply 
Incineration— Drainage 
Industrial Waste Treatment 
Appraisals 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


Look to the Journal 
Advertising Pages 
for guidance when you require professional serv- 


ices or water works products. A ‘Buyers’ 
Guide” appears in the final pages of this issue. 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industria! Waste Problems. 


Structures — Power — Transportation 


165 Broadway New York 6, N.Y. 
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Professional Services 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Prrnie Ernest W. 
Rosert D. Cart A. ARENANDER 
Prante, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd Se. New York 36, N. Y 


RIPPLE & HOWE, INC. 
Consulting Engineers 
V. A. — B. V. Howe 
ppraisals—Reports 
Water Works Systems, Filtration and Softening 
Plante, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Dis , Airports 


833—23rd St., Denver 5, Colo. 


THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


ROBERT AND COMPANY 
ASSOCIATES 
Engineering Division 
Power Plants Water Sewage Plants 

Airports Industrial Plants 


Docks and Terminal Facilities 
Reports Investigations 


96 Poplar Street, Atlanta, Georgia 


LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal! ; Industrial Wastes ; 
& Reports; Design; Supervision 
Consteustion & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RUSSELL & AXON 
Consulting Engineers 
Civil—Sanitary—Structural 


Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


RADER AND ASSOCIATES 
Engineers and Architects 

Water Supply, Treatment and Distribution 
Sewers and Sewage Treatment 
Investigations, Reports, Plans 

Supervision of Construction and Operations 

Aerial Photography, Photogrammetry 
The First National wees Building, Miami 32, 


1025 Connecticut Ave. N. W. 
Washington 


J. HOMER SANFORD 
Consulting Engineer—Hydrologist 
39 Years of Groundwater Investigation 
Groundwater Development, Recharge, 
Dewatering and Salt Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 


1143 EB. Jersey Street Elizabeth 4, N. J. 


THOMAS M, RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
ndustrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


New York 55, N.Y. 


369 BE. 149th St. 
Haven 5-2424 


SERVIS, VAN DOREN & HAZARD 


Engineers— Architects 


InvesTIGATIONS - - SUPERVISION OF 
ConsTRUCTION - APPRAISALS 
Water - Sewage - Streets - Expressways - High- 
ways - Bridges - Foundations - Airports - Flood 
Control - Drainage - Aerial Surveys - Site Plan- 
ning - Urban Subdivisions - Industrial Facilities 
Electrical - Mechanical 


2910 Topeka Bivd. Topeka, Kansas 
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PROFESSIONAL SERVICES 


J. E. SIRRINE COMPANY 
Fayincors 
Since 1902 
GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 


Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 


JACKSONVILLE, FLORIDA 


Water Supply and Treatment 
Sewage and Industrial Waste Treatment 
Stream Pollution Surveys 


Designers 


R. KENNETH WEEKS 


ENGINEERS 


Water Supply and Purification 


Sewerage and 


Sewage Treatment 


Investigations and Reports 
Supervision of Construction 


Streets and Highways 
6165 E. Sewells Point Road, Norfolk 13, Va. 


SMITH AND GILLESPIE ROY F. WESTON, INC. 


Engineers—Biologists—Chemists 


Water—Sewage—Industrial Wastes 
Stream pollution —Air pollution 


Surveys —Research—Development—Process 
E eering —Plans and Specifications — 
ration Supervision—Analyses— 
Evaluations and Reports 


Newtown Square, Pa. 


STANLEY ENGINEERING 
COMPANY 


Consulting Engineers 


Hershey Building 


Muscatine, Ia. 


(Limited) 
Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. 75 Public Square 
Columbus, Ohio Cleveland 13, Ohio 


| 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and 
Sewage an 


Purification; Sewerage, 
Industrial Wastes Treatment. 


Reports, Designs, Supervision of Construction 
and Operation; Valuations. 


14 Beacon Street 


Chemical and Bacteriological Analyses 


Boston 8, Mass. 


Engineers 
(Est. 1869) 


Investigations, Designs, Estimates, 
Reports, Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. 


Boston, Mass. 


WATER SERVICE 
LABORATORIES, INC. 
Chemical Engineers 


Specialists in Water Treatment 
Consulting and Technical Services 


Main Office: 615 W. 131 St., N. Y. 27, N. Y. 
Offices also in: Phila., Wash., & Richmond 


J. 8. Watkins G, R. Watkins 
Consulting Engineers 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage a Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 


446 East High Street Lexington, Kentucky 
Offices 
5402 Preston Highway, Louisville 13, Kentucky 
107 Hale Charleston, W.Va. 


= 
J. STEPHEN WATKINS 


WHITMAN, REQUARDT 
& ASSOCIATES 


Engineers 


Consultants 


Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans 
Supervision, Appraisals 


1304 St. Paul St. 


Baltimore 2, Md. 


WILSEY & HAM 


Engineers 


Investigation and Design 
Water Supply, Treatment and Distribution 
Sewage Treatment and Disposal 
Airports, Municipal Works and City Planning 


111 Rollins Road 
Millbrae, California 


800 W. Colorado Blvd. 


Los Angeles 41, Calif. 


V ol. 51, No. 10 


Consultants 


Chicago 4, Ill. 
1154 Henne Building 
ALDEN E. STILSON & ASSOCIATES +=WHITMAN & HOWARD 
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TIME-SAVING COMBINATION 
LEAK DETECTOR-PIPE LOCATOR 


THE M-SCOPE MASTER 
Electronic Witch Combination 


You're looking at the much-talked-about of use and portability, make this instrument 
NEW M-Scope ... the only dual-purpose that one of the most welcome contributions to 
detects leaks and locates pipe. Its rugged, the water works industry. 

highly efficient electronic circuit, plus ease 


LOCATING A LEAK FINDING A LEAK 
AT THE UNDER PAVEMENT 


For greatest convenience and reliability, the built-in battery tester for instant checking 
M-Scope MASTER is equipped with a__ of battery condition in the field or elsewhere. 


WRITE TODAY FOR SPECIFICATIONS AND PRICE! 


vel Place your next order with POLLARD 


from POLLARD It s,the in Pipe Line Equipment 


POLLARD NEW HYDE PARK + NEW YORK 


964 Peoples Gas Building, Chicago. Minors 


4 Bronch Offices 
fe 333 Candie: Building, Atlonto, Georgio 


PIPE LINE EQUIPMENT 


PIPE LINE EQUIPMENT 
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Condensation 


CONDENSATION 


volume 39, page 473, issue dated May 1947. 


Vol. 51, No. 10 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May ’47) indicates 


If the pub- 


lication is paged by the issue, 39:5:1 (May °47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; 1M—lInstitute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


SALINE WATER CONVERSION 


Practical Methods for the Purification of 
Saline and Brackish Waters. J. R. Em- 
mett. Proc. Soc. Water Treatment & 
Examn., 6:90 (’57). Distillation of sea wa- 
ter is practical in arid regions devoid of other 
sources of water. Installed and projected 
world-wide plant capacity is 15 mgd. Over- 
all cost of such water is high, being ap- 
proximately $1.80 per 1,000 gal for large 
installations. It will be somewhat less where 
free fuel is available or where power gen- 
eration can be combined under favorable con- 
ditions with water production. Problems of 
scale formation have been largely overcome. 
Methods of reducing scale formation are 
discussed at some length. Electrodialyses 
process is not at present economically com- 
petitive with distillation for sea water, but 
it appears to be suitable for brackish waters 
contg. not more than 10,000 ppm tot. solids. 
Experience with operating installations is 
needed to evaluate its potentialities properly. 
—PHEA 


Saline Water Conversion. J. L. Giiman. 
Chem. Eng. Progr., 53:12:68 (’57). At an 
international symposium on saline water con- 
version held in Washington, D.C., in Nov. 
57, reports were presented on research on 
demineralization of sea water being carried 
out in a no. of different countries. Recom- 
mendations concerning future work on de- 
mineralization by distillation, electrodialysis, 
solar distillation, and freezing were put for- 
ward—W PA 


Demineralization of Sea Water. K. Fiscu- 
BECK. Chim. & Ind. (Paris), 79:563 (’58). 
Author describes methods for demineraliza- 
tion of sea water, including evapn., crystal- 
lization, liquid-liquid extraction, ion ex- 
change, electrodialysis, and osmosis. Tech- 
nical and economic aspects of various methods 


(Continued on page 78 P&R) 


are considered, and a bibliography of 39 
references is appended.—_WPA 


Saline Water Conversion.—Proceedings of 
a Symposium, Nov. 4-6, 1957. Nat. Acad. 
Sci—Nat. Research Council Publication 568 
(58). At a symposium on saline water con- 
version, sponsored jointly by the Office of 
Saline Water of the US Dept. of Interior 
and the US National Academy of Sciences 
—National Research Council, and held in 
Washington, D.C., 45 papers were presented 
by various authors. Papers are grouped in 
following sections: [1] saline water conver- 
sion activity; [2] distillation methods; [3] 
solar distillation methods and eqitip.; [4] 
electrodialysis, membrane, and osmosis proc- 
esses; [5] freezing processes; and [6] other 
developments and applications. A bibliogra- 
phy of 321 references is appended.—WPA 


Saline Water Conversion by Freezing. 
H. M. Henprickson. Refrig. Eng., 66:31 
(Aug. ’58). Battelle Technical Review, 7: 
72la (Nov. '58). A program to investigate 
existing commercial freezing equipment, to 
develop a practical freezing-melting cycle, 
and to predict costs is described—PHEA 


Use of Ion Exchangers for Treatment of 
Salt Water. E. V. SuHTannixkov. Uzbek. 
Khim. Zhur., Akad. Nauk Uzbek. S.S.R., 
1:15 (’58). Tests on synthetic and natural 
mineral waters show that ion-exchange resins 
Espatit-I and EDE-10 can make the hard 
H:O of Central Asia potable-—CA 


Griffin-Raleigh Water De-ionizer. Lab. 
Practice (Lond.), 7:697 (’58). An illustrated 
description is given on Griffin-Raleigh de- 
ionizer, for demineralization of water. Prin- 


ciple of apparatus is based on fact that a 
mixt. of 3 resins improves sepn. of resins 
before regeneration and makes it possible to 
Results of 


regenerate small columns in situ. 
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MR. K. F. KNOWLTON, Superintendent of Salem- 
Beverly, Mass. Water Filtration Plant, explains why: 


“This filter bottom 
needs no maintenance, 
even after 5 years 

of operation” 


“Our plant was built originally to han- 
dle 8 MGD, with conventional perfor- 
ated cast iron laterals, and 18” of graded 
gravel supporting 30” of sand. Back in 
1953 we installed these ALOXITE® alu- 
minum oxide porous plates to get rid of 
the problem of shifting gravel layers. By 
1955, the results had proved to be so 
good that we've been adding more por- 
ous bottoms every year. 

“For one thing, we don’t have to 
worry now about gravel beds being up- 
set, or cleaning out mudballs. It’s also 
very easy to move away the sand above 
ALOXITE plates so we can inspect the 
hold-down bolts or any part of the bot- 
toms. It's easy to clean the filter, too. We 
use a minimum of washwater, and of 
course there's no more mixing of graded 
gravel and sand. 


‘Next, these porous plates have stood 
up well under rates of filtration far 
greater than the 8 MGD the plant was 
built to handle. One day this past sum- 
mer, for example, we ran almost 15 
MGD. During July and August, average 
daily consumption was over 10 MGD. 

“Finally, these ALOXITE filters were 
the least expensive and most easily in- 
stalled type of bottom for our existing 
structure. We were very careful about 
the installation — and this care has paid 
dividends in the excellent condition of 
the porous plates, the hold-down bolts, 
and the joints between the plates.” 


CARBORUNDUM 


Registered Trade Mark 
Dept. 0-109, Refractories Division, Perth Amboy, N. J. 
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CONDENSATION 


Vol. 51, No. 10 


(Continued from page 76 P&R) 


tests using apparatus to demineralize water 
from various cities are given, and costs of 
operation are indicated—WPA 


R. Kunin; F. X. Mc- 
Garvey; & D. Zopnian. Ind. Eng. Chem., 
50:458 (’58). This review of recent publi- 
cations on ion exchange contains references 
to theory of ion exchange and preparation of 
ion-exchange resins, to studies on selective 
ion-exchange membranes, and to work on 
design of ion-exchange units and applica- 
tions of ion exchange, including treatment of 
boiler feedwater, demineralization of brack- 
ish water, and treatment of trade waste 
waters such as radioactive waste waters and 
plating waste waters. A bibliography of 175 
references is appended.—lV PA 


Ion Exchange. 


Evaporation. W. L. Bapcer & R. A. Linp- 
say. Ind. Eng. Chem., 50:438 (’58). This 
review of recent publications on evapn. in- 
cludes a brief discussion on developments 
concerning theory and heat transfer co- 


(Continued on page 82 P&R) 


efficients; evaporative cooling; the problem 
of scale, with special reference to the evapo- 
rators used to provide demineralized water 
from sea water; and various special proc- 
esses, including evapn. of sea water and of 
spent sulfite liquor. A bibliography of 50 
references is appended.—WPA 


Some Aspects of Water Supply With Par- 
ticular Reference to Sea Water Distilla- 
tion and the Weir “Multiflash” Plant 
Ordered by the States of Guernsey Water 
Board. J. C. Bryan. Water & Water 
Eng., 62:483 (’58). A 0.5-mgd salt water 
reclamation plant will be commissioned in 
1960. This process uses a multiple-stage 
flash evapn. effect which results in a saving 
in amt. of heating surfaces. By combination 
of water reclamation and elec. power pro- 
duction, it is expected that costs of water 
produced by this process will be competitive 
with that of some catchment reservoir 
schemes.—C A 


ELEVATED 
GROUND RESERVOIRS 


Complete Vank Service 


Engineered and Erected According to 
AWWA-AWS-FIA-FM and NBFU Specifications 


TAYLOR IRON 


Serving The Southern States Since 1898 


Please Address inquiries Te 
Macon, Ga. 


STANDPIPES 


WORKS 


N, GEORGI 


Sex 218 Bex 6493 
Jocksonville 5, Fle. 


— 
WATER STORAGE TANKS 
| 
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Alum 


... AS YOU WANT IT FROM 


DRY—conforming fully to A.W.W.A. standards in ground, 
rice, lump or powdered grades, bagged or bulk. 


LIQUID —for cleaner, easier, more economical operation—in 
tank wagons and tank cars; from nine shipping points. 


THINKING OF CONVERTING TO LIQUID? 


Your costs—and savings—can be quickly and realistically 
determined by a Cyanamid staff with years of conversion 
experience behind them. For product or technical service of any 
kind, call Cyanamid. You'll like the results! 


— CYANAMID _ 


AMERICAN CYANAMID COMPANY 
Process Chemicals Department 
30 Rockefeller Plaza, New York 20, New York 


In Canada: Cy id of Canada Limited, Montreal and Toronto 
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(Continued from page 78 P&R) 


An Introduction to Solar Distillation. T. 
pE Jonc. Proc. ASCE, J. San. Eng. Div., 
84:1704 (Jul. ’58). This paper presents a 
study and results of expts. on production of 
potable water with solar energy on 3 pilot 
plants in Iran. Effects of geographical loca- 
tion, size and shape of plants, descriptions of 
various plants and methods of distillation, on 
actual production of pilot plants are ex- 
plained —PHEA 


Electrodialytic Demineralization. E. We- 
GELIN. TNO Nieuws (Neth.), 13:154 (58). 
Author outlines principles of demineraliza- 
tion by electrodialysis, and reviews develop- 
ment of process at Netherlands Centraal 
Technisch Instituut T.N.O. Costs of de- 
mineralization of different types of saline 
water are shown in a table—WPA 


Scaling Problems in Electrodialysis With 
Permselective Membranes. B. A. Cooke. 
Chem. & Ind., III (’58). Probs. caused by 
formation of scale during pilot plant studies 
on electrodialysis for demineralization of 
ground water from gold mines in Orange 
Free State, S. Africa, are described. Selec- 
tive semipermeable membranes prepared from 
parchment were used in a multicell arrange- 
ment and it was found that a ppt. of barium 
and strontium sulfates, insoluble in acids, was 
deposited on the cathode side of each cationic 
membrane after continuous operation. When 
polarity of cell was reversed, deposit adhered 
only loosely, and was easily removed by 
flushing. Another cell was therefore in- 
stalled, in which polarity was reversed regu- 
larly, and after a long period of continuous 
operation, it was shown that x0 scale accu- 
mulated. Gelatinous sludge which formed in 
cathode compartment after rinsing with un- 
treated mine water, could be removed by 
treatment with acid, and it was found that by 
reversing the polarity of the cell, sludge was 
dissolved by acid formed in anode compart- 
ment. Magnesium hydroxide or calcium 
carbonate scales, which are acid solub’e and 
may contain silica, form on anode side of an- 
ionic membrane, and are also removed by re- 
versal of polarity of cell. It is concluded that 
reversing polarity of a cell provides an effec- 
tive method for removal of scale, and further 
work on subject is at present in progress. 
This method of descaling is easy to apply 
in a continuous electrodialysis process, and 


is to be incorporated in the new plant being 
constructed for the demineralization of water 
in an Orange Free State gold mine—WPA 


City Orders Saline-Water Plant. Eng. 
News-Record, 160:23:23 (’58). <A 28,000- 
gpd electric-membrane demineralization plant 
is planned to treat brackish well water at 
Coalinga, Calif., to replace drinking and 
cooking water supply at present brought by 
rail from Armona, 45 mi away. Plant con- 
sists of a no. of membrane “stacks,” each of 
which can treat 20 gpm, with 40-50% re- 
moval of dissolved solids. 2 stacks in series 
can remove 65-75% of salts. It is planned 
to operate 4 of stacks in series in order to 
reduce dissolved solids content of water from 
2000 ppm to a max. of 300 ppm, which is 
well within required limits. A separate dis- 
tribution system will continue to supply un- 
demineralized brackish water for purposes 
other than drinking and cooking.—W PA 


FLUORIDATION 


Studies in Uniformity of Fluoride Ion 
Levels in a Fluoridated Public Water Sup- 
ply, City of Rahway, N.J. W. H. Aaroe. 
Public Health News, 39:359 (Dec. ’58). 
Purpose of study was to investigate truth 
of claims by opponents of fluoridation that 
[1] present feeders and methods are in- 
capable of providing consistent fluoride levels 
in water delivered by public supplies and 
[2] periodically excessive fluoride concns. 
are released into water from accumulations 
of deposits in distribution systems. It was 
found that in Rahway, N.J., neither of these 
claims was true. Despite the varying fluoride 
levels in different sources of water, 88% of 
samples of delivered water tested within 0.1 
ppm of avg. of 1.1 ppm. There were no 
significant differences in fluoride levels in 
samples taken from dead ends, smaller users, 
and heavy users—PHEA 


Connection Between the Mineral Content 
of Drinking Water and the Biological Ef- 
fectiveness of the Fluorine in It. V. A. 
KNIzHNIkov. Gigiena i Sanit. (USSR), 
24:4:71 (’59). Hardness of water does not 
affect biol. effectiveness of F, but there is a 
loss of F in boiling both as volatile sub- 
stances and as ppts. This occurs more in 
hard water and is rather variable and may 


(Continued on page 84 P&T) 
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Standard 
125# butter- 
fly valve with 
spool rubber 
liner for tight 
shutoff, elec- 
tric motor 
operator and 
auxiliary 
hand wheel. 


AWWA butterfly 
valve with Type Al 
inserted rubber seat; 
gear reducer and 
hand wheel. 


AWWA butterfly valve with 
spool rubber liner for tight 
shutoff; air cylinder operator. 


Rockwell valves for water control and 
shutoff service assure the MOST in 
reliability: minimum restriction to flow; 
minimum pressure drop; less installa- 
tion space and maintenance. Bulletins 
581 and 582 tell why. 


WwW. S. ROCKWELL COMPANY 
2609 Eliot Street, Fairfield, Conn. 
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account for some of the variations in biol. 
response found in popn.—CA 


Fluoride Content of the Uzbekistan 
(USSR) Water Supply. A. Z. ZAkHIpov 
& V. E. Nazyrova. Gigiena i Sanit. 
(USSR), 24:5:64 (59). Avg. content of 
F- in mg/l! in surface water is 0.5-0.7, in 
well waters 0.3-0.5 except in some parts of 
Samarkand and Fergana districts where up 
to 2.6 is found, and in drinking water of 
Tashkent 0.1-0.3. Children of Tashkent 
have many dental caries ——CA 


Investigations on the Fluorine Supply of 
Humans. S. Gericke. Literaturber. Was- 
ser, Abwasser, Luft & Boden, 7:9 (’58). 
Detn. of fluorine in 1 day’s food of 20 dif- 
ferent adults showed that it contained on an 
avg. 0.52 mg of fluorine, 80% of which was 
in solid food and 20% in liquid. If daily 
requirement is taken as 1 mg, this shows a 
deficit of fluorine. Expts. on increasing 
fluorine in plant foods by using fertilizers 


CORPORATION 


SODIUM 


SILICOFLUORIDE 


(FLUOSILICATE) 


We would like the opportunity — 
to bid on your future 
requirements— 

Please mail invitations to bid t 


TENNESSEE 


1028 Connecticut Ave., 
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contg. fluorine showed that this had no 
effect. A correct balance can be obtained 
by using water contg. fluorine; a content of 
1 mg/l in water supply is required to give 
daily requirement of 1 mg. Fluorine content 
of water supply is therefore of great impor- 
tance, especially for children —WPA 


Pathological Studies in Man After Pro- 
longed Ingestion of Fluoride in Drinking 
Water. E. F. Geever, er at. Pub. Health 
Repts., 73:721 (Aug. ’58). Part two of a 
series, this report describes microscopic find- 
ings in bones from persons coming to ne- 
cropsy who had lived 10 yr or more in 
communities with naturally occurring or 
added fluoride in the drinking water com- 
pared to a control group. Bones were 
examd. from 37 persons exposed to 1.0-4.0 
ppm fluoride and from 33 persons who re- 
sided in essentially nonfluoride communities. 
The microscopic examn. disclosed no sig- 
nificant differences that could be related to 
fluoride intake-—-PHEA 


AMONG WATER WORKS MEN 


THE HEAVY-DUTY 


ELLIS 
PIPE CUTTER 


is BEST 


FOR CUTTING LARGE 
SIZES OF PIPE 


No. 01 Cuts Pipe 4” to 8” 
No. 1 Cuts Pipe 4” to 12” 


Write for circular and price list 
No. 40J on our complete line of 
pipe cutting tools. 


ELLIS 2 FORD MFG. CO. 
1100 Coolidge Rd. P.0. Box 308 
Birmingham, Michigan 
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Almost all plastic pipe looks the same. The 
difference is a matter of time ...and piping that goes 
wrong can be expensive for a water works manager. 


_ A picture means nothing... but... 


There are scores of brands of plastic 
pipe on the market... All are labeled 
“rust resistant”... but total results may 
be good, bad, or indifferent depending 
on your choice. Here’s what to look for: 

The universal material? No such 
thing. No one plastic (no metal, for 
that matter) can handle all liquids... 
no one has all the properties required 
of a truly universal pipe. Closest to it 
are Ace Riviclor (Rigid PVC) and 
Ace-Ite (ABS rubber-plastic blend). 
Riviclor is a little better on chemical 
resistance, and Ace-Ite is a little better 
on impact strength and heat resistance. 
They’re immune to rust, rot, soil and 
electrolytic corrosion. 

Are plastics approved for drinking 
water? Yes...the National Sanitation 
Foundation at University of Michigan 
regularly test Ace Riviclor® Ace-Ite® 
Ace Supplex®and certain of our other 
brands of plastic pipe, and certify 
them non-toxic. These materials are 
odorless and tasteless. 

Are plastics strong enough? Hun- 
dreds of water works and chemical 
plants (all very critical people) say 
yes! Plastic pipe is now available in 
several wall thicknesses for working 
pressure to 490 psi. It takes hard 
knocks, and resists accidental cutting 
and damage. 

Where do I use it? Ace-Ite and Ri- 
viclor have been used for years in 


Ace-Ite® , Ace Riviclor® 
® and Ace Supplex® 
are approved 


for drinking water. 


water and sewage works for feeding 
chemicals...chlorine, alum, ferrous 
sulfate, ferric chloride, etc. They out- 
last ordinary metals many times over. 


Greatest future use is in service 
lines and small water mains, now un- 
der study. We've supplied miles of 
pipe for successful installations. If you 
haven’t yet put some underground for 
test, it’s time to start. Nothing takes 
the place of personal experience. 


How can I dodge the pitfalls of 
“trial and error?” Go to a company 
that has no axe to grind...a company 
with wide experience in water works 
problems. We, for instance, supply 
seven different kinds of pipe for water 
and sewage works... with fittings and 
valves to match. And we’ve supplied 
a high percentage of the hard rubber 
water meter parts, rubber-lined ion- 
exchange tanks, molded chlorinator 
parts, rubber-lined intake lines, and 
chemical pumps now in use. For truly 
unbiased advice...backed by 100 
years of experience ...come to Ameri- 
can Hard Rubber Company. 


Free Selector Charts. 20 valuable pages 
... comparable properties, 

chemical resistance, 

costs, etc., of 11 plastics 

and rubber materials. 


Write today for Technical 
Bulletin CE-50W. 


MERICA & PLasTics EQUIPMENT 
BY : HARD RUBBER COMPANY 
pivision oF /A\IMIE CORPORATION 
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Incipient Fluorine Intoxication From 
Drinking Water. G. L. Watpzorr. Acta 
Med. Scandinavica, 156:3:157 ('56). In se- 
vere fluorosis changes in bones and joints 
eccur in advanced stage of disease, but au- 
thor is convinced that an intake of fluorine 
which is insufficient to produce these changes 
may, nevertheless, be responsible for “. 

backache, numbness and pain in legs and 
arms, especially the ulnar area, gastro-intes- 
tinal and bladder disturbances as well as 
ulcers in the mouth and visual disturbances. 
Most impressive are extreme malaise and 
mental sluggishness. Two unusual phenom- 
ena may perhaps be considered pathogno- 
monic as they probably occur in no other 
disease; the more water the patient drinks, 
the more he complains of dryness in the 
mouth and throat. ... Exhaustion is most 
pronounced when the patient should feel 
most rested, namely, in the morning after 
resting all night.” Waldbott considers that 
there may be a highly individual suscepti- 
bility to fluorine—factors linked with in- 


creased susceptibility being malnutrition, old 
age, sex, dietary habits, additional exposure 
to fluorides through inhalation, absence of 
protective minerals (calcium and phosphorus ) 
in food and water. Waldbott sent out a 
questionnaire to be completed in respect of 
patients who appeared to be affected by 
this disease. He gives a table showing the 
systems and organs affected in 52 patients, 
but there are no particulars regarding the 
fluoride concn. in the drinking water. In 
his summary he merely says that fluoride- 
containing drinking water in concns., around 
1 ppm accounts for a characteristic clinical 
syndrome.—BH 


Fluoride Deposition in Human Bones 
After Prolonged Ingestion of Fluoride in 
Drinking Water. I. ZipKIn, ET aL. Pub. 
Health Repts., 73:732 (Aug. ’58). Essen- 
tially same bones studied by Geever and 
associates (above) were analyzed for ash 
and fluoride. Analysis of rib, iliac crest, 
vertebra, and sternum indicated that concn. 
of fluoride in bones increased linearly with 


(Continued on page 88 P&R) 


Iron and Manganese Removal Plus Water Softening . . . 
Automatically by lon-Exchange using Invercarb C-110 
Low in cost—efficient in operation. Send for Particulars. 


CLAYTON 5S, NEW JERSEY 
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Here’s an invitation from the makers of Calmet, the world’s only 
all-bronze, split-case frost-proof water meter: 

Join us at the Joint Convention of the Alabama-Mississippi- 
Southwest Sections, American Water Works 
Association, October 18 through 21, 1959. It’s bound to be 
the biggest yet! 

We hope we can help make it a memorable occasion. 
Socialize with us at the Texas Suite and see Calmet Meters on 
display ai Booth 25, International Room, the Roosevelt 
Hotel in New Orleans. We'll be waiting to welcome youl 
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increase of fluoride in drinking water up to 
4.0 ppm.—PHEA 


Fluorine in Human Bone Related to Age 
and the Water Supply of Different Re- 
gions. D. Jackson & S. M. WEIDMANN. 
Pathol. & Bacteriol. (Gr. Br.), 76:2:451 
(58). Authors ascertained fluorine content 
of normal human bone (6th rib) in order to 
discover how far it may be influenced by 
variations in dose of fluorine and time of 
exposure. They chose 3 regions of England 
with substantial differences in the fluorine 
content of the drinking water: [1] Leeds— 
water containing virtually no fluorine (42 
specimens); [2] S. Shields—water supply 
containing at present 0.8 ppm (27 speci- 
mens); [3] W. Hartlepool—water supply 
containing 1.9 ppm (56 specimens). S. 
Shields figure is lower than that of 10 yr 
ago because of recent addns. of moorland 
water supplies. In Leeds there was a steady 
increase in fluorine uptake from age of 12- 


40 yr, after which rate of increase lessened 
until a plateau was reached at age of 55. 
Equilibrium is reached when fluorine content 
approximates to 190 mg per 100 g bone. In 
S. Shields there was an identical pattern of 
fluorine uptake, plateau being reached at age 
50-60, with a fluorine content only 25% 
greater than Leeds plateau figure. In W. 
Hartlepool, plateau was reached at about 
55 yr of age, but fluorine content approxi- 
mated to 400 mg per 100 g bone—a level 
twice as high as that found in Leeds. It 
might be expected that as Leeds water con- 
tains practically no fluorine there would be 
no appreciable increase of bone fluorine in 
Leeds as age advances, but authors’ findings 
show that even in absence of waterborne 
fluorine there is at least a 10-fold increase 
in bone fluorine in Leeds between ages of 
13 and 50 yr. It is possible that there is 
some other source of fluorine, and authors 
suggest that this source is probably tea 
leaves—BH 
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PALMER SURFACE 


WASH SYSTEMS 


are specified by 


water works engineers 
1. Prevent Sand Beds From Cracking. 

2. Eliminate Mud Balls. 

3. Save Wash Water. 

4. Lengthen Filter Runs. 

5. Higher Rates of Filtration. 
6. Better Tasting Water. 


PHONE, WIRE OR WRITE 
TODAY FOR INFORMATION 


POTASSIUM 
PERMANGANATE 


For Organic Iron and Color 
Removal—Algae Control — 
Regeneration of Iron Removal 
Filters. 


Supplied to industry and mu- 
nicipalities in various grades 
and meshes to fit the particu- 
lar operation efficiently and 
economically in combating 
many water problems. 


WRITE FOR QUOTATIONS 


CARUS CHEMICAL COMPANY 
Box JAW LaSalle, Illinois 
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In the early 1930's this steel water pipe line was installed 
along Fifth Avenue near New York City’s Metropolitan 
Museum of Art. 


In these changing times, very few material things go un- 
changed. But the fine art in this Museum is the same, except 
for additions. Also this steel pipe after many years of service 
is un-changed too. Steel pipe lasts! 


For all water line requirements, difficult conditions or 
normal, steel pipe offers you the greatest strength, 
ductility and reliability with economy. 


“‘Wherever water flows — steel pipes it best”’ 


105 West 
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Environmental Public Health Services. 
Some Modern Aspects of Water Supply. 
R. C. Hoatuer. Med. Press, p. 488 (May 
20, '57). This is 9th of a series of articles 
to be published at monthly intervals under 
the general title of “Environmental Public 
Health Services.” It deals in general out- 
line with some modern aspects of water 
supply. Classical waterborne diseases have 
been almost completely elimd. in Gr. Br., 
where approximately 95% of pop. is served 
with piped water supply. Article then gives 
short consideration to rivers as sources of 
water supply, tastes, and traces of heavy 
metals in water. Nitrates in relation to 
methaemoglobinaemia in infants and radio- 
active substances are mentioned. Much of 
article is devoted to review of distribution of 
fluoride in natural waters of Britain, but 
discussion of controversy over addition of 
fluoride to water supplies was deliberately 
omitted. Bibliography includes some re- 
ports of committees on special subjects and 
2 textbooks valuable for general reference. 
—BH 


Methods of Fluoridation of Water. C. R. 
Cox. Rev. Obras. Sanit. Nacion (B. Aires), 
39:97 (’57). Following aspects of fluorida- 
tion of water supplies are discussed: occur- 
rence of fluorine in natural waters; removal 
of fluorine from natural waters; quant. of 
fluorine compds. required and methods and 
effects of fluoridating water supplies; toxic- 
ity of fluorine with reference to effect of 
excessive doses in water; other methods of 
administering fluorine to pop.; comparison of 
fluorine compds. for use in fluoridation of 
water; supply of chems. and costs of fluori- 
dation; protection of operators by avoidance 
of powder formation; administration; and 
lab. control. Practical efficiency of process 
is illustrated by reference to its application 
in Newburgh-Kingston, N.Y., and compari- 
son of results of this 9-yr treatment as re- 
gards occurrence of dental caries, with simi- 
lar results in Aurora, Ill, where water 
naturally contains 1.2 ppm fluorine—WPA 


A System for Fluoridating Individual Wa- 
ter Supplies. F. J. Maier. Am. J. Public 
Health, 48:717 (’58). Need for fluoridating 
individual water supplies in rural areas is 
discussed, and device which has been used 
to fluoridate well water at 4 homes in sub- 
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urban area of Md. for 2 yr is described. 
Device enables automatic accurate addition 
of minute quantities of fluoride to water 
without risk of overdosage. 2 types of 
feeder are described and shown diagram- 
matically, solenoid-actuated diaphragm feeder, 
and water pressure-actuated diaphragm 
feeder. They are designed for use with 
electrically driven well pumps which dis- 
charge into a pressure tank. Most satis- 
factory fluoridating compd. was found to be 
magnesium silicofluoride. Timing devices 
are wired into pressure switches so that 
feeders operate only when pumps are work- 
ing. Device generally operated satisfac- 
torily, but expert maintenance is required. 
Provision of this fluoridating service by or- 
ganizations such as local health depts., with 
or without simultaneous chlorination, is also 
discussed—_W PA 


Latest Results of Fluoridation of Water 
Supply for Prevention of Caries in Part 
of Kassel (Ger.). H. Hornunc. Staedte- 
hygiene, 9:26 (’58). Water supply of a 
section of Kassel has been treated with fluo- 
rides since end of 1952. Author gives latest 
results of examn. of teeth of children in 2 
schools, 1 in this section and control school. 
He then discusses advantages of method of 
administering fluorides and replies to argu- 
ments which have been raised against it— 
WPA 


Climate and Fluid Intake. D. J. Gara- 
GAN, ET AL. Pub. Health Repts., 72 :484 
('57). Study was carried out by USPHS 
and Contra Costa County (Calif.) Health 
Department to investigate relationship be- 
tween climate and fluid intake, as this is of 
importance in detg. optimum concn. of fluo- 
ride to be added to water supply. This was 
done by measuring actual amts. of fluid 
consumed by large no. of children exposed 
to varying climatic conditions. Antioch and 
Brentwood, in Contra Costa County, were 
selected as study sites. Records of fluid 
intake for 450 Antioch and Brentwood chil- 
dren from infancy up to 10 yr of age were 
obtained during 39 5-day observation periods 
in a period of 1 yr. Detailed temp. and 
humidity data were also obtained throughout 
yr. Results of study are given in tables. 
It is thought unlikely that humidity (80%) 
has any influence on fluid intake among chil- 
dren. Total fluid intake per Ib of body 
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One pound of HTH chlorinates 
3,200,000 glasses of water’ 


. . . but the economy and effectiveness 
of HTH are only part of the story! 
You should also consider the conven- 
ience of this easy-to-store, and easy- 
to-use dry chlorinating product. 


Consider, too, HTH’s wide range of 
applications. Wherever germs, fungi or 
bacteria threaten—in pipe lines, reser- 
voirs, wells, filtration equipment, as 
well as during emergency flood condi- 
tions— you get fast, dependable chlori- 
nation with HTH. 


HTH, containing 70% available 
chlorine, is made in granular and tablet 
form. Both products are proved by 
over 25 years of successful service in 
almost every phase of water treat- 
ment. Check your supply house or 
write us today. 

*0.5 ppm available chlorine treatment 


HTH 


OLIN MATHIESON CHEMICAL CORPORATION 
CHEMICALS DIVISION © BALTIMORE 3, MD. 
HTH® is a trademark 
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BIG CAMPAIGN WARNS 
GROWING WATER PROBLEM 


Urges local support for better water systems 


Cast Iron Pipe Research Association 
offers local plan-of-action booklet 


Here’s help for you and everyone else 
directly concerned with the supply, 
treatment and distribution of water— 
help that will acquaint the people in 
your town with the vital importance of 
this growing problem. 

On the opposite page you see the sec- 
ond in a series of advertisements, this 
one appearing in Apri! Reader’s Digest. 
Placed by the Cast Iron Pipe Research 
Association, these striking advertise- 
ments point out to Mr. and Mrs. Amer- 
ica how much we depend on a good water 
system and why we can no longer take 
it for granted. 

Similar advertising will appear regu- 
larly in U. S. News & World Report, 
Nation’s Business, Better Homes & Gar- 
dens, American Home and Sunset maga- 
zines to carry this public service mes- 
sage to millions of civic leaders and 
homeowners. 


Free Local How-to-Help Booklet 


These ads offer a free booklet telling 
about the water problem. It shows how 
responsible citizens can acquaint them- 


JOURNAL AWWA 


CAST IRON PIPE 


THE MARK OF THE 100-YEAR PIPE 
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line of action, telling how they can help® 
their officials extend and improve thd 
local water system through more ade 
quate rate structures or financing. 

Let us send you a free copy of this 
new booklet. Write to Thos. F. Wolfe 
Managing Director, Cast 
Iron Pipe Research Associa- 
tion, 3440 Prudential Plaza, 
Chicago 1, IIl. 


Three reasons why cast iron pipe is 
America’s greatest water carrier: 


1. More miles of underground cast iron 
water mains are now in use than of all 
other kinds of pipe combined. 


2. More miles of cast iron water mains 
are now being purchased and laid than 
of any other kind of pipe. 


3. Impartial surveys prove that today’s 
water utility officials and consulting 
engineers prefer cast iron pipe for un- 
derground water distribution by an 
overwhelming majority. 


= 
selves with the needs of their commu 
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weight is inversely proportional to age and 
there does not appear to be any sex difference 
in consumption of fluids. It is concluded, 
from observations, that water intake is di- 
rectly prop. to temp. under normal living 
conditions.—-W PA 


The Problem of Fluoridation of Water 
Supplies for Prevention of Dental Caries. 
H. Hornunc. Arch. Hyg. (Berlin), 141: 
596 (57). Author discusses efficiency and 
safety of fluoridation of water supplies and 
results obtained in Kasse: and United States. 
—WPA 


Status of Controlled Fluoridation in the 
United States, 1945-57. Pub. Health Repts., 
73 :634 (’58). Data are given on fluorida- 
tion of water supplies between 1945 and 
1957 inclusive. Tables giving towns with a 
pop. of 500,000 or more which have in- 
stalled fluoridation, communities which have 
installed, reinstalled, or discontinued fluori- 
dation during the 12 yr under consideration, 


popns. they serve, and legislation; and 
graphs showing pop. served, and percentage 
of communities which carry out fluoridation 
of their water supplies, are included —WPA 


Variations in the Concentration of Fluo- 
rine in Water Supplies (Belg.). R. Buy- 
DENS. Tech. Sanit. Munic., 53:181 (58). 
Variations in concn. of fluorine in water 
from different sources which are used for 
supply in Belgium are discussed, and phys. 
and chem. changes which bring about and 
result from these variations, are described 
Examples are given of effect on humans of 
an increase in concn. of naturally occurring 
fluorine over optimum dose, in Flanders, 
Belgium, special attention being paid to oc- 
currence of dental caries in children. In 
Audenarde, Flanders, 2 sources of water 
supply are used, one from wells and other 
from springs; spring water contains 0.15 
mg/l, and well water 5 mg/l of fluorine, 
and both were previously regarded as satis- 
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PILOT FIELD LATHES save money by machining asbestos- 
cement pipe right on the job! 


Make factory-like ends on any length when and where you need 
them. No waiting — no delays. 


Power or manually operated. All sizes from 4” thru 20”. 
Write for details and name of nearest distributor. 


Distributor inquiries invited 


PILOT MANUFACTURING COMPANY 


P.O. BOX 2127, TORRANCE, CALIFORNIA 


5 
2 
94 P&R i 
: : 
i 
EB 
} 
; 
a 4 
4 
4 
| 
| 
4 


Oct. 1959 JOURNAL AWWA 


WHAT'S 
INSIDE? 
A 

BIG 
PLUS 


Smith Fire Hydrants are easy to 
operate, inexpensive to maintain 
and most dependable in meeting 
severe climate and operating con- 
ditions. In addition to maximum 
flow and simplicity of design, 
Smith Hydrants now have two ad- 
ditional features of major impor- 
tance: (1) Automatic lubrication 
— chamber sealed with “O” Rings 
contains a permanent type lubri- 
cant — temperature range-30° to 
200°F. Each time the hydrant is 
operated, the threads and bearing 
surfaces are automatically lubri- 
cated. (2) “O” Ring Seals — the 
lower “O” Ring seals the internal 
pressure, the upper “O” Ring is a 
combined external dirt and mois- 
ture seal. This construction elim- 
inates the conventional stuffing box 
and packing gland adjustments. 


case ORANGE . NEW JERSEY 
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factory source of supply. As a result, many 
people receive excessive doses of fluorine, 
and a medical examn. of teeth and health 
of every person using that water, and an 
extensive examn. of all water supplies to 
determine concn. of fluorine are recom- 
mended.—W PA 


The Mitotic Activity of the Epithelium of 
the Thyroid Gland in Rats Receiving Wa- 
ter Treated With Fluorine. H. R. 
MUEHLEMANN & R. ScHNEIDER. Schweiz. 
Med. Wochschr., 86:625 (’56). Treatment 
of water supplies with fluorine for preven- 
tion of caries raises problems of secondary 
effect of fluorine on thyroid gland and rela- 
tion between endocrinic function and rate of 
mitosis. Tests on rats showed administra- 
tion of fluorine for 1 week had no effect on 
rate of thyroid cell division—WPA 


Pathological Studies on Man After Pro- 
longed Ingestion of Fluoride in Drinking 
Water. E. F. Geever, er at. Pub. Health 
Repts., 73:721 (’58). Microscopic studies 
were made of bones and lumbar interverte- 
bral body joints from bodies of 37 people 
who died after residing for at least 10 yr 
in a district where drinking water contained 
1-4 ppm naturally occurring or added fluo- 
ride; and similarly, as a control, from 33 
subjects who had resided in areas where the 
water contains less than 0.5 ppm fluoride. 
Although microscopic changes were observed 
in bones and joints incidental to aging, these 
changes were not related to the fluoride 
intake, and occurred in both groups of sub- 
jects. Expts. are claimed to give further 
evidence that fluoride in drinking water at 
a level of 1.0 ppm can be ingested without 
cumulative toxic effect—WPA 
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Is There a Connection Between Goiter 
and Fluorosis in Isparta (Turk.)? S. 
VELICANGIL & S. Eser. Literaturber. Was- 
ser, Abwasser, Luft & Boden, 7:8 (’58). 
Investigations showed that high doses of 
fluorine had probably no influence on occur- 
rence and development of goiter even in 
districts in which slight goiter was endemic 
and water supply contained 4.3 mg/1 fluorine. 
It is thus hardly likely that addns. of 1 mg/I 
cf fluoride would produce or increase goiter. 
—WPA 


Defluoridation of Water Supplies. G. G. 
O. O. Hart; « G. J. STanper. 
J. Inst. Water Engrs., 12:203 (’58). Lab. 
expts. and pilot-scale tests using activated 
superphosphate for defluoridation of water 
supplies have led to development of large- 
scale equip. for both continuous and batch 
defluoridation. Design and operation of 
equip. are described, including prepn. of ion- 
exchange column from a hard granular super- 
phosphate. Batch process is particularly 
suitable for defluoridation of individual 
household supplies. Column is regenerated 
with sodium hydroxide. If water supply 
contains more than 10 ppm fluoride it should 
be treated with lime before passing it through 
ion-exchange column. Studies were made, 
using borehole water supply of horticultural 
research station at Roodeplaat, 19 mi from 
Pretoria, to investigate factors affecting the 
efficiency of the process (including the pH 
value, addition of carbon dioxide to control 
pH value at 7.0 or less, interference of chlo- 
ride ion, and rate of flow of water), to 
standardize operational processes, and to esti- 
mate costs of treatment. A flow sheet and 
a photograph of defluoridation plant at 
Roodeplaat are included—_WPA 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 Ib. Each 


Inguiries Solicited 


NORTHERN GRAVEL COMPANY 
P. O. Box 307 


Muscatine, lowa 
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This quiet scene should not mislead. Electro Rust-Proofing 
is hard at work. There’s no hustle or bustle . . . just dependable, 
continuous cathodic protection. 

Underneath this water an ERP-engineered protection system 
fights rust—fights maintenance costs. The battle was joined before 
installation. ERP Engineers surveyed the plant . . . designed and 
installed a system that gives maximum protection at lowest cost. 
And now ERP Service follows up. Continuous protection is assured 
. » . Maintenance costs are the lowest ever. 

If you want to stop trouble before it starts, if you want to pro- 
tect your investment in steel structures—quietly, efficiently, eco- 
nomically—use Electro Rust-Proofing Systems. ERP is preventive 
maintenance at work. 

We'll be glad to send more information. Write Dept. E-51.05 


ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE &@& TIERNAN INC. 


30 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
CABLE: ELECTRO. NEWARK. N. J. 
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and respected for his work with mu- 
nicipalities and industries on the state’s 
water pollution abatement program. 
An AWWA member since 1954, he 
also belonged to ASCE, FSIWA 
(Bedell Award), Pennsylvania Water 
Works Operators Assn., and Pennsyl- 
vania Assn. of Professional Engineers. 


Ralph Gumaer, vice-president of 
Philadelphia Meter Co., a Neptune 
Meter Co. subsidiary, died Jul. 21, 
1959, in Overbrook, Pa. He was 62. 
Born in Kingston, N.Y., in 1896, he 
lived for many years in Ardmore, Pa. 
Mr. Gumaer joined Philadelphia Me- 
ter in 1930 and assumed the duties of 
manager of the Philadelphia office. He 
was previously employed by Mueller 
Co., Decatur, Ill. He was active in 
water industry affairs as a member of 


You Can’t Afford 
PAINT DAMAGE 


1. It Costs Money 
2. Endangers Your Citizens 


Only National Tank Maintenance Corp. 
“Special-Skil’”” Applicator crews protect you 
completely against paint damage. Our 
crews use a special paint roller—designed 
and patented for us. Our crews use DRI- 
MIST long lasting paints. National Tank 
exclusives . . . “Special-Skill’’ crews .. . 
our own design paint roller . . . and special 
long lasting DRI-MIST paints reduce dam- 
age . . . cut cost. You and your com- 
munity benefit. 

Our Engineering Department will furnish 
an estimate on your water tank without 
cost or obligation. Write, wire or tele- 
phone National Tank. 


NATIONAL TANK 
MAINTENANCE CORP. 


1617 Crocker St. 
Des Moines, Iowa 
CHerry 3-8694 


PERCOLATION AND RUNOFF 
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AWWA (since 1944), and the Penn- 
sylvania Water Works Operators 
Assn. 


Frederick S. McKay, the dentist 
whose work with stained teeth led to 
the practice of fluoridating drinking 
water, died Aug. 21, 1959, at Colorado 
Springs, Colo. He was 85. Born in 
Lawrence, Mass., he was graduated 
from the University of Pennsylvania 
Dental School in 1900 and began prac- 
ticing at Colorado Springs the follow- 
ing year. He soon noted that the teeth 
of many of his patients showed mot- 
tling of the enamel, a condition for 
which there was no apparent explana- 
tion. His interest aroused, he began 
an investigation which he, and other 
researchers, carried on for 30 years 
until fluoride in water was proved to 


The complete text of “A Sur- 
vey of Operating Data for 
Water Works in 1955” with 
Seidel & Baumann’s statisti- 
cal analysis; combined with 
Porges’ summary of the 1955 
USPHS survey of treatment 
facilities in one handy paper- 
bound book. Journal Re- 
print R722; $1.25. 


American Water Works Assn. 
2 Park Ave., New York 16, N. Y. 
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A New Guide 
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6” and 8” Pipe Gallery, Wilming- 
fon, Del., Sewage Disposal Plant. 


Cast Iron Pipe Guards Against a 
Stream-Pollution 


~ 


Every 12 hours a contract is let for a new sewage treatment works 
to clean up America’s waterways and protect the public health. 


Into these plants go thousands of tons of enduring cast iron pipe 
and fittings. Engineers designing these plants know that no other 
pipe material compares with cast iron in withstanding the corrosive 
effects of strong sewage, acids and treatment chemicals. And none 
has equal strength or a matching time-proved record of long life 
and low cost service. 


Engineers also specify large cast iron pipe for sewer force mains 
to operate under pressure where strength, longevity and a minimum 
of jointings are a vital factor. So cast iron pipe not only serves to 
bring water to our cities and towns but takes it away for cleansing 
treatment and returns it pure for use again. 


supplies many of the nation’s 


leading foundries with qual- w 
ity pig iron from which qual- OODWARD, ALABAMA 
ity pipe is le. 


Our Company does not man- 
ufacture iron pipe but W ComMPANY 
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Employment 
Information 


Classified ads will be accepted only for ‘Positions 
Available” or ‘Position Wanted.” Rate: $1.50 per 
line (minimum $5.00), payable before publication. 
Deadline for ad copy: first of month prior to month 
of publication desired. To place ad, obtain “‘Cl 

Ad Authorization Form’ from: ified Ad Dept., 
ournal American Water Works Assn., 2 Park Ave., 
ew York 16, N.Y. 


Positions Available 


WATER WORKS CHEMIST 


or 
CHEMICAL ENGINEER 


Graduate chemist or chemical engineer wanted to super- 
vise Production, preferably with water works experience 
and administrative experience in Water Filtration Plant 
and Hydro-Electric Plant. Salary range commensurate 
with experience and ability. Send resume, salary re- 
uirement, and application to General Manager, Water 
Jorks and Hydro-Electric Plant, 310 So. Wapello St., 
Ottumwa, Iowa. 


EQUIPMENT SALES ENGINEER 


Unusual and challenging job opportunity 
in Sales Department of our Equipment Di- 
vision, specializing in our internationally 
recognized electric membrane equipment for 
demineralization of saline water and for 
other process uses. Our sales have more 
than trebled since 1955, and we expect that 
our rate of growth will continue to be 
among the most rapid in the industry. 

We want a man with a college degree 
and a minimum of five years’ selling ex- 
perience—preferably in heavy equipment or 
in the water treatment field. The job in- 
volves dealing with consulting engineers, in- 
dustrial scientists, engineers, executives and 
government officials. Independent judg- 
ment, effective written and oral presenta- 
tions, persistence, unusual energy, and drive 
are needed. Our sales engineers are 
in Cambridge and travel in the U.S. or 
abroad for up to six months per year— 
working with local agents and representa- 
tives. 

A limited number of sales trainees with 
college degree but from none to five years’ 
experience will also be considered. 


Send resume and salary requirements to: 


William E. Katz, 
Vice President—Sales 


INCORPORATED 
152 Sixth Street 
Cambridge 42, Massachusetts 
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In the 
course of these studies, it came to light 
that mottled-enamel teeth were re- 
markably free from decay, a fact which 
suggested that fluoride could be used 


be the cause of the mottling. 


to reduce dental caries. For his work 
in this field, Dr. McKay received the 
Lasker Award from the American Pub- 
lic Health Assn. in 1952. 

By unhappy coincidence, Dr. Mc- 
Kay’s death came only 3 weeks after 
the passing of another fluoridation pio- 
neer, William L. Hutton, who, as 
medical officer of health at Brantford, 
Ont., was the first such official any- 
where to recommend to his city coun- 
cil the application of fluoride to drink- 
ing water. Dr. Hutton died Jul. 30, 
1959, at the age of 71. He had been 
Brantford’s medical officer for 39 years, 
until his retirement 8 months pre- 
viously, and was also internationally 
known for his work in diphtheria 
control. 

In 1955 both McKay and Hutton 
were honored at a meeting of the De- 
troit District Dental Society as men 
who “shall long be revered in the 
memories of all who hold that the 
public good is paramount.” 


James L. Wheelin, sales representa- 
tive of Neptune Meter Co., New York, 
died Jul. 19, 1959, at the age of 59. 
Mr. Wheelin was with the Thomson 
Meter Co. when it was purchased by 
Neptune. He was assistant manager 
of the service department until 1929, 
when he joined the Neptune sales de- 
partment. Born in Brooklyn, N.Y., he 
served as a district reporter for a local 
newspaper, the Eagle, prior to entering 
the water industry. His reportorial 
skills were utilized as the first editor 
of the Neptune News, an internal house 
organ, which began publication in 
1948. He had been an AWWA mem- 
ber since 1947, 
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Joining pipe the Dresser way... 


often the 
only way! 


This battery of steel crosses is in 
the new Clague Road Filtration 
Plant, designed by Havens and 
Emerson, Cleveland, Ohio. The 
Plant will carry a normal fiow of 
50-million gpd. Contractor: Hun- 
kin-Conkey Construction Com- 


pany. 


Dresser® Couplings provide the essen- 
tial leeway for bolting up cross flanges 
to valves in tight spots. They’ll take 
deviation caused by settling concrete 
and remain bottle-tight ... permanent- 
ly! Dresser’s vibration-proof proper- 
ties protect valves and other expensive 
equipment, and protect the pipelines, 
too. With a Dresser Coupling, two 
man-minutes per bolt gives you a per- 


Bradford, 
Pennsylvania 
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Always the 
easy way... 


The 8-inch, 10-inch and 30-inch 
Dresser-Coupled lines illustrated 
here are part of the system used 
in servicing the Clague Road's ad- 
vanced rapid-sand type filters. 


manent, leak-proof joint that absorbs 
expansion-contraction movement, keeps 
maintenance problems to a minimum, 
and makes repairs easier if and when 
they do become necessary. For a free 
copy of “Dresser Couplings for Fil- 
tration Plant Piping” and the Dresser 
Sewage Treatment Plants booklet, 
write to Dresser Manufacturing Divi- - 
sion, Bradford, Pennsylvania. 
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For Five Drachmas... 
To the Editor: 


Your P&R department is read here with 
much pleasure and profit. Humor based 
on putting familiar things in their true 
(though up to now unsuspected) relation- 
ship can get across home-truths that bales 
of scientific papers merely smother. Long 
may P&R seep! 

There is, however, one hole in the dike 
into which, I venture to suggest, a thumb 
ought to be stuck. October 1958 P&R 
remarks, p. 35, that, “possibly for lack of 
coins of small enough denomination, wa- 
ter has not, until recently, been mechani- 
cally” vended. I regret to say that this 
statement is inaccurate. The fact is, coin- 
fed water-vending machines, invented by 
Hero of Alexandria, were in use as early 
as the third century BC. According to 
Pneumatica: 


Many vessels for offerings are arranged 
so that holy water for sprinkling flows out 
when a five-drachma piece is inserted. Take 
a libation vessel or a money box [see cut], 
of which the aperture a is not closed. Let 
there be in the money box (or the libation 
vessel) a [small] vessel with water and a 
box from which an exit tube uw leads out- 
wards. Next to the vessel place a vertical 
rod, vt, about which another, om, rotates 
like a scale beam. Let om be widened at o 
into a thin plate which (in the state of rest) 
lies parallel to the bottom of the vessel. ‘At 
mw attach a small vertical rod, ro, to which 
there is attached at o a lid exactly fitting 
the cylinder, so that it can interrupt the 
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escape of liquid through uw. Make the lid 
of the cylinder heavier than the little plate 
p but lighter than the combined weight of 
the lid and the coin. When the coin has 
been inserted into the aperture a, it drops 
into the plate p and so, depressing the cross- 
beam, om, brings it into an inclined position 
while drawing up the lid of the cylinder; as 
a consequence of this the water is allowed 
to flow out. So soon as the coin has dropped 
(frorn p) the lid again closes the box and 
arrests the flow of the water. 


C. F. B. Stevens 
Montreal, Que. 
Jul, 16, 1959 


Reader Stevens is not only nice, but 
right—the Greeks had a coin for it, 
though the water involved was sanctified 
and ours is only sanitized —Ep, 


(Continued on page 104 P&R) 


if 


Correspondence 
| 
B de 5 
3 
| 


Oct. 1959 JOURNAL AWWA P&R 103 


MORE THAN 2,000 
PRESTRESSED 
CONCRETE 

WATER 
TANKS IN 
SERVICE 


In the development of residential ond in- 
dustrial water supply facilities today, no 
other type of tank offers so many advan- 
tages os does the Prestressed Concrete 
Tank. Modern in engineering and design, 
proven in service, lowest in cost... pre- 
stressed concrete should be considered in 
any tank planning. 


Check these advantages: 
Minimum maintenance 
® Satisfied owners 
® 75% of construction cost spent 
locally 
@ Lowest overall cost 
®@ Longest service life of any tank 


New York 16, New York 


PRELOAD CONCRETE HERRICK IRON WORKS 
STRUCTURES INC. 28400 Clawiter Road 
837 Old Country Rood Hayward, California 
Westbury, Long Island, New York Phone: Lucerne 1-4451 
EDgewood 3-4040 


Phone: 
THE PRELOAD 
COMPANY, INC, 
351 Jefferson 
Dollas, Texos 
Phone: WHitehall 1-5707 
THE CANADA GUNITE COMPANY, LTD. 
7325 Decarie Bivd. 
Montreal 16, Canada 
2,000,000 gation tank, 
Tyler, Texas 
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CPREI DAD) THE PRELOAD COMPANY, INC. 
211 Bast 37th Street 
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Correspondence 
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AWUA 
To the Editor: 


Recently, at a hearing before the Pub- 
lic Service Commission of Wisconsin, the 
representatives of the Milwaukee Water 
Works were admonished by a commis- 
sioner: “You are a public utility. You 
should act like a public utility.” 

Since then I have been turning the mat- 
ter over in my mind. We at Milwaukee 
have never frankly recognized ourselves 
as a “utility.” Our letterhead reads “Mil- 
waukee Water Works.” Even the profes- 
sional association we belong to is named 
the American Water Works Association. 

“Works” refers to structures, grounds, 
machinery, and the like. Such phrases as 


“gas works” are reminiscent of a bygone 
era. On the other hand, “public utility” 
(or, simply, “utility”) is defined as “a 
business organization . performing 
some public service.” Our Public Serv- 
ice Commission regards the Milwaukee 
Water Works as a proprietary interest of 
the city, rendering a “utility service” dis- 
tinct from the “governmental services” 
performed by other city departments. 
Consequently, we have been consider- 
ing a change in name to “Milwaukee Wa- 
ter Utility.” In line with this concept 
—that municipal water supply involves 
not merely structures, grounds, and ma- 
chinery, but also a business organization 
performing service—should not AWWA 
become the “American Water Utilities 


(Continued on page 106 P&R) 


with 


CATHODIC 
PROTECTION 
SYSTEMS 


Everyday, electrolytic corrosion damages thou- 
sands of dollars worth of water storage tanks. 
Harco specialists can protect your investment with 
a cathodic system engineered to meet your needs. 


Harco job-engineered installations include tests, 
drawings, materials, and installation as well as 
periodic maintenance services. 


Write today for catalog 
or call VUlcan 3-8787. 


THE HARCO 
CORPORATION 


4593 East 7Ist St. © Cleveland 25, Ohio 
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Compared with sand filtration systems, diatomite filtration 
of municipal water supply with Dicalite Filteraids starts 
you out thousands of dollars ahead. And the records of 
municipalities now using Dicalite filtration prove that 
clarity and purity are at least equal to the best that sand 
can do. Health department records also verify this. 


Cost savings start with the smaller space requirements 
of a filter system using Dicalite — no more than a quarter of 
the space needed for a sand system of comparable capacity. 
Make your own estimates of what this could save you in 
land and building costs. 

Cost savings continue with the lower capital investment 
in a Dicalite-using filter system — 20 to 35% below that of 
a sand system of comparable capacity. This has been 
proved, times over, by comparative engineering estimates 
and construction bids. 

Municipalities using Dicalite report lower bor costs 
with their semi-automatic filter systems. Chemical costs 
may also be reduced. And there are a number of other 
advantages in Dicalite filtration, all discussed in Dicalite 
Bulletin BW-13 — why not write for it, now! 


FILTERAIDS 


DICALITE DEPT.» Great Lakes Carbon Corp., 
‘612 S. Flower St., Los Angeles 17, Calif. 


Name___ 
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Association”? This question might well 
be one for the Board of Directors to con- 
sider, 

ARTHUR RYNDERS 
Superintendent, Milwaukee Water Works 
Milwaukee, Wis.; Aug. 5, 1959 


Not only is “utility” the word, but we 
suspect that Friend Rynders is what the 
Journal would call “manager” of the Mil- 
waukee Water Utility, terminology to 
which we have been trying to stick for the 
past couple of years. But AWUA has 
always seemed one step too far—sort of 
like kicking one’s parents in the teeth. 
And if we agreed to kick, we would like 
to come up the something better than 
A-W-U-A; AGUA or AQUA, at least. 
But how do other readers react to giving 
the works to “works” ? 


SERVICE LINES 


GIVE 
THE 
UNITED 
WAY...» 
through your 
UNITED FUND or 
COMMUNITY CHEST 


save more lives... 
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Metal packings for pumps, engines, 
and compressors are described in a new 
24-page booklet. Complete with detailed 
illustrations, the bulletin contains data 
for correct selection, application, and in- 
stallation of metal packing. Bulletin AD- 
166 is available from The Garlock Pack- 
ing Co., 438 Main St., Palmyra, N.Y. 


Mobile radio is the subject of a 4- 
page folder that describes a compact, two- 
way, VHF-FM communications system. 
The new radio unit features a 6-, 12-, and 
115-v power supply. Information on the 
Aerotron Model 6N15 may be obtained 
from Aeronautical Electronics, Inc., Box 
6527, Raleigh, N.C. 


Automatic controls are featured in a 
28-page booklet that consists of various 
magazine article repiints, all of which 
deal with instrumentation as applied to 
water and sewage treatment. A copy of 
Booklet D97-2 is available by writing the 
Product Editor, Minneapolis-Honeywell 
Regulator Co., Wayne and Windrim 
Aves., Philadelphia 44, Pa. 


Steel pipe that is electrically welded is 
introduced in a 12-page, illustrated bulle- 
tin. With photographs and diagrams, the 
booklet describes the manufacturing proc- 
ess of this type of pipe and gives examples 
of some of its applications. The booklet 
“Electricweld Line Pipe” is available 
from the Public Relations & Advertising 
Dept., Jones & Laughlin Steel Corp., 3 
Gateway Center, Pittsburgh 30, Pa. 


Welding accessories are illustrated 
and described in a new 12-page booklet. 
Requests for catalog No. 12 should be 
sent to Tweco Products, Inc., Box 666, 
Wichita, Kan. 


Cane 
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SERVICE! 
FAST INSTALLATION! 


AMERICAN 


* JOINT 
® 


CAST IRON PIPE 


From its plant location in the heart of the in- 
dustrial South, as well! as from strategically 
located stocks, the American Cast Iron Pipe 
Company ships pipe fast! 

More and more, municipalities, contrac- 
tors, engineers and utility superintendents 
are discovering that American's fast service, 
plus the speed and ease of installation of 
American Fastite Joint* pipe, is a combina- 
tion that’s hard to beat. 

American Fastite Joint is the newest cast 


"Patent apolied tor 


Underariters’ Laboratories. inc 


approved 


CAST IRON co. 


SIRMINGHAM 


iron pipe joint with only one component —a 
double-sealing, dual-hardness rubber gasket. 
Readily available in all standard sizes, 2” 
through 48” diameters, with 6” through 20” 
pipe available in 20-foot lengths, American 

astite Joint cast iron pipe offers maximum 
economies for all liquid services. 

Call your American Cast Iron Pipe Com- 
any representative now. Find out how quick- 
y he can deliver your order for American 

Fastite Joint cast iron pipe. 


SALES OFFICES 


New York City + Dallas 
Chicago + Kansas City 
San Francisco + Denver 
Pittsburgh + Orlando 
Minneapolis + Cleveland 


acasama Birmingham 
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108 P&R ADVERTISERS’ PRODUCTS 


Activated Carbon: 
Industrial Chemical Sales Div. 
Permutit Co. 


Activated Silica Generators: 
B-I-F Industries, Inc. 
Wallace & Tiernan Inc. 


Aerators (Air Diffusers): 
American Well Works 
Carborundum Co. 

General Filter Co. 

Permutit Co. 

Walker Process Equipment, Inc. 


Air Compressors; 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Worthington Corp. 


Alum (Sulfate of Alumina): 
American Cyanamid Co., 
Chemicals Dept. 


General Chemical Div., Allied 
Chemical Corp. 

Ammonia, Anhydrous: 

General Chemical Div., Allied 


Chemical Corp. 
Jones Chemicals, Inc. 
Ammoniators: 
B-I-F Industries, Inc.—Proportion- 


eers 
Wallace & Tiernan Co., Inc. 
Ammonium Sillcofluoride: 
American Agricultura) Chemica! Co. 
Brass Goods: 
American Brass Co. 


Inder of Advertisers’ Products 


Mfg. Co 
Mueller 
Brine- Making ulpment: 
International Salt Co., Inc. 


Calcium Hypochlorite: 
Jones Chemicals, Inc. 
Olin Mathieson Chemical Corp. 


Carbon Dioxide Generators: 
Walker Process Equipment, Inc. 
Cathodic Protection: 

Electro Rust-Proofing Corp. 


Cement Mortar Lining: 

Centriline Co 

Halliburton Oi: Well Cementing Co. 

Southern Pipe Div. of U.S. Indus- 
tries 

Chemical Feed Apparatus: 

B-I-F Industries, Inc.—Omega 

B-I-F Industries, Inc.—Proportion- 
eers 

Graver Water Conditioning Co. 

F. B. Leopold Co. 

Permutit Co. 

Precision Chemical Pump Corp. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 


Chemists and Engineers: 

(See Professional Services) 

Chiorination Equipment: 
Industries, Inc.— Builders 

B-I-F Industries, Inc.—Proportion- 

eers 
Precision Chemical Pump Corp. 
Wallace & Tiernan Inc. 


Chlorine 
Klett Mfg. 
Wallace Inc. 


Chlorine, Liquid: 

Jones Chemicals, Inc. 

Olin Mathieson Chemica! Corp. 
Wallace & Tiernan Inc. 


Clamps and Sleeves, Pipe: 
— B. Clow & Sons 

resser Mfg. Div. 
Ludlow Valve Mfg. Co., Inc. 
Mueller Co. 
A. P. Smith Mfg. Co. 
Trinity Valley Iron & Steel Co. 


Clamps, Bell Joirt: 
— B. Clow & Sons 
resser Mfg. Div. 


Clamps, Pipe Repair: 

James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 


Clarifiers: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 
Coagulant Aids: 

Hagan Chemicals & Controls, Inc. 
National Aluminate Corp. 


DARLEY MAGNETIC 
DIPPING NEEDLE 


with 3 section 


telescoping 
handle 
$22.25 


Write Today for 
100-Page Catalog 


W. S. DARLEY & CO. 
Chicago 12 


LaMOTTE CONTROLS 


have served the Water Works En- 
gineer for more than 35 years. 


Have you sent for the latest booklet 
on this helpful LaMotte Service? 


For example— did you know that the 
LaMotte-Pomeroy Sulfide Testing 
Outfit determines accurately: 


« Total Sulfides « Dissolved Sul- 
fides « Hydrogen Sulfide in 
Sludges and Solutions + Free 
Hydrogen Sulfide in Air and 
Gases? « 


We will be happy to send full informa- 


tion on this and other LaMotte units 
used in the Water Works field. 


LaMOTTE CHEMICAL 


PRODUCTS COMPANY 
Dept. AWWA Chestertown, Md. 
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Offices 


Atlanta 
Birmingham 
Boston 
Chicago 
Cleveland 
Detroit 
Houston 
Kansas City 
New Orleans 
New York 
Philadelphia 
Pittsburgh 
Salt Lake City 
San Francisco 
Seattle 

South Pasadena 
Tulsa 


Plants 


Birmingham 
Chicago 
Greenville, Pa. 
Houston 


New Castle, Del. 


Salt Lake City 


IN CANADA: 


Horton Steel 
Works Limited 
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Chicago Bridge & Iron Company 


2,000,000-gallon Spheroidal 
Built for Fort Worth, Texas 


The 2,000,000-gallon Horton Spheroidal elevated 
tank shown above is the largest of its type built by 
Chicago Bridge & Iron Company since introduction of 
the design in 1958. The tank, 105 feet in diameter and 
126 feet_to bottom, serves the City of Fort Worth, 
Texas, 


Standard capacities of Horton Spheroidal elevated 
tanks range from 200,000 to 3,000,000 gallons. Write 
or call the nearest CB&I office for additional infor- 
mation on your water storage requirements . . . at no 
obligation, of course. 
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Condensers: 

Allis-Chalmers Mfg. Co. 

United States Pipe’ ‘& Foundry Co. 
Worthington Corp. 


Contractors, Water Supply: 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 

B-I-F Industries, Inc.—Builders 

Foxboro Co 

Genera! Filter Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 


Copper Sheets: 
American Brass 


Copper Sulfate: 

General Chemical 
Chemical Corp. 

Tennessee Corp. 

Corrosion Control: 

Calgon Co. 

National Aluminate 

Philadelphia Quartz C 

Southern Pipe Div. a U.S. Indus- 
tries 


Couplings, Flexible: 

DeLaval Steam Turbine Co. 

Dresser Mfg. Div 

age Pipe Div. of U.S. Indus- 


rie: 
Wachs Co. 


Covers, Vault: 
Ford Meter Box Co. 
E. H. Wachs Co. 


Desalinization Plants: 
Emhart Mfg. Co., Maxim Div. 


Diaphragms, Pump: 
Dorr-Oliver Inc. 


Engineers and Chemists: 
(See Professional Services) 


Evaporating Equipment: 
Emhart Mfg. Co., Maxim Div. 


Feedwater Treatment: 

B-I-F Industries, Inc.—Proportion- 
eers 

Calgon Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, 

National Aluminate Corp. 

Permutit Co. 


Ferric Sulfate: 
Tennessee Corp. 


Filter Materials: 
Anthracite Equipment Corp. 
Carborundum Co. 

Dicalite Div. 

General Filter Co. 
Johns-Manville Corp. 
Monterey Sand Co. 
Northern Gravel Co. 
Permutit Co. 

Stuart Corp. 


Filters, incl. Feedwater: 

B-I-F Industries, Inc.—Proportion- 
eers 

Dorr-Oliver Inc 

Graver Water Conditioning Co. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Ross Valve Mfg. Co. 


Filtration Plant Equipment: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.—Omega 

Chain Belt Co. 

Cochrane Corp. 

Filtration Equi “om Corp. 

General Filter 

Golden- 
Co. 


Div., Allied 


Valve Specialty 


ADVERTISERS’ PRODUCTS 


Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

ld Co. 


F. B. L 

Permutit Co. 

Roberts Filter Mfg. Co. 
Simplex Valve & Meter Co. 
Stuart Corp. 

Wallace & Tiernan Inc. 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

Hays Mf 

Mueller Co. 


Fittings, Tees, Elis, etc.: 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Dresser Mfg. Div. 

M & H Valve & Fittings Co. 

Morgan Steel Products, Inc. 

Southern Pipe Div. of U.S. Indus- 
tries 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co. 


Flocculating Equipment: 
Chain Belt Co. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

F. B. Leopold Co. 

Permutit 

Stuart Corp. 

Fluoride Chemicals: 

American Agricultural Chemical Co. 
Olin Mathieson Chemical Corp. 
Tennessee Corp. 

Fluoride Feeders: 

B-I-F Industries, Inc.—Omega 
B-I-F Industries, Inc.—Proportion- 


eers 
Wallace & Tiernan Co., Inc. 


Furnaces: 
Jos. G. Pollard Co., Inc. 


Gages, Liquid Level: 

B-I-F Industries, Inc.—Builders 
Simplex Valve & Meter Co. 
Sparling Meter Co. 

Wallace & Tiernan Inc. 


Gages, Loss of Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 

B-I-F Industries, Inc.—Builders 

Foxboro Co. 

Jos. G. Pollard Co., Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 


Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 


Gaskets, Rubber Packing: 

James B. Clow & Sons 

Johns-Manville Corp. 

Gates, Shear and Sluice: 

— Drainage & Metal Products, 
ne. 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Mueller Co. 

R. D. Wood Co. 

Gears, Speed Reducing: 

DeLaval Steam Turbine Co. 

Worthington Corp. 

Glass Standards—Colorimetric 
Analysix« 

Klett hey 

Wal Tiernan Inc. 
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Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Mueller Co. 

Southern Pipe Div. of U.S. Indus- 
tries 

Hydrants: 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

M. Greenberg’s Sons 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Hydrogen Ion Equipment: 

Photovolt Corp. 

Wallace & Tiernan Inc. 

Hypochlorite; see Calcium 
Hypochlorite; Sodium Hy- 
pochlorite 


lon Exchange Materials: 
Chemical Process Co. 
Cochrane Corp. 
General Filter Co. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
National Aluminate Corp. 
Permutit Co. 
Roberts Filter Mfg. Co. 
Rohm & Haas Co. 
Iron, Pig: 
Woodward Iron Co. 
Iron Removal Plants: 
American Well Works 
Chain Belt Co. 
Cochrane Corp. 
General Filter Co. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Permutit Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 
Jointing Materiale: 
Corp. 
easbey & Mattison Co. 
Leadite Co., Inc. 
Joints, Mechanical, Pipe: 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Dresser Mfg. Div. 
Southern Pipe Div. of U.S. Indus- 
tries 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 
Leak Detectors: 
Aqua Survey & Instrument Co. 
Jos. G. Pollard Co., Inc. 
Lime Slakers and Feeders: 
B-I-F Industries, Inc.—Omega 
Dorr-Oliver Inc. 
General Filter Co. 
Infilco Inc. 
Permutit Co. 
Wallace & Tiernan Inc. 
Locators, Pipe & Valve Box: 
Aqua Survey & Instrument Co. 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc. 
Magnetic Dipping Needles: 
Aqua Survey & Instrument Co. 
W. S. Darley & Co. 
Meter Boxes: 
Ford Meter Box Co. 
Pittsburgh Equitable Meter Div. 
Meter Couplings and Yokes: 
Badger Meter = Co. 
Dresser Mfg. 
ford Meter Box Co. 
Gamon Meter Div., Worthington 
Corp. 
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For frequent operation in inaccessible locations... 


SPECIFY 
DARLING 
CYLINDER - 
OPERATED 
GATE VALVES 


Here’s a valve that’s as versatile as you 
want to make it. It can be readily 
adapted to your piping conditions or 
process cycles. For example : 
Manual or Automatic Operation 
may be used—by means of four-way 
valves which control the flow of fluid or 
air to the cylinders. 


Air, Oil or Water may be used for the 
operating media—and can be piped 
from the lines on which the valves 
are installed. 
Engineered for Your Application 
—Valves can be supplied, piped and 
equipped with solenoid or pilot-oper- 
ated control valves, limit switches and 
positioners for remote or local operation. 
Write for detailed information or 
quotes, giving size of valves required, 
kind of valves (Iron Body Bronze 
Mounted, All-Iron, Bronze, Special 
Alloy, ete.), service conditions, maxi- 
mum disc pressure and minimum 
cylinder pressure. 


DARLING 
ee DARLING VALVE & MANUFACTURING CO. 


x Williamsport 23, Pa. 


VALVES Manufactured in Canada by Canada Valve & Hydrant Co., Ltd., Brantford, Ont. 
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Hays Mig. Co. 
Hersey ig. Co. 
Mueller Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Reading and REecord 
Badger Meter Mfg. Co. 
co 
er Meter . Co. 
Post Meter Box 
Hersey Mfg. > 
Neptune Meter Co 
Pittsburgh Equitable Meter Div. 
Domestic: 
adger Meter Mfg. Co. 
uffalo Meter Co. 
Meter Div., Worthington 


Corp. 
Gamon Meter Div., Worthington 


orp. 

Hersey Mfg. Co. 

Neptune eter Co. 

Pittsburgh Equitable Meter Div. 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

B-I-F Industries, Inc.—Builders 

Foster Eng. Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co, 

Industrial, Commer- 

Badger Meter Mfg. Co. 

B-I-F Industries, inc.—Builders 

Buffalo Meter Co. 

Burgess-Manning Co., Penn In- 
struments Div. 

Calmet Meter Div., Worthington 


orp. 
Capes Meter Div., Worthington 
orp. 
Hersey 
Neptune Meter 
Pittsburgh Equitable Meter Div. 
Simplex Valve & Meter Co. 
Sparling Meter Co. 
Mixing Equipment: 
Chain Belt Co. 
General Filter Co. 
F. B. Leopold Co. 
Motors, Electric: 
Allis-Chalmers Mfg. Co. 
Ideal Electric Co. 
Worthington Corp. 
Paints: 
Inertol Co., Inc. 
Koppers Co., Inc. 
Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 
Wilbur & Williams Co., Inc. 
Pipe, Asbestos-Cement: 
Corp. 
easbey & Mattison Co. 
Pipe, Brass: 
American Brass Co. 
Pipe, Cast Iron (and Fittings) : 
Alabama Pipe Co. 
American Cast Iron P Co. 
Cast Iron Pipe Research Assn. 
pase B. Clow & Sons 
rinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 
Pipe, Cement Lined: 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
ames B. Clow & Sons 
uthern Pipe Div. of U.S. Indus- 
tries 
United States Pipe & Foundry Co. 
‘ood Co. 


Pipe, Concrete: 
American Concrete Pressure Pipe 


ADVERTISERS’ PRODUCTS 


& Construction Co. 
Joint 
Vulcan Mati 


Pipe, Copper: 

American Brass Co. 

Pipe, Plastic: 

American Hard Rubber Co. 

Morgan Steel Products, Inc. 

Orangeburg Mfg. Co., Div. of The 
Flintkote Co. 

Pipe, Steel: 

a Drainage & Metal Products, 


nc. 

Bethlehem Steel Co. 

Morgan Steel Products, Inc. 

Southern Pipe Div. of U.S. Indus- 
tries 

Pipe Cleaning Services: 

Centriline Corp. 

National Water Main Cleaning Co. 

Pipe Coatings and Linings: 

American Cast Iron Pipe Co. 

American Hard Rubber Co. 

Cast Iron Pipe Research 

Centriline Corp. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Div., 
Allied Chemical 

Reilly Tar & Chemi Corp. 

Shell Chemical Corp. 

Southern Pipe Div. of U.S. Indus- 
tries 

Wilbur & Williams Co., Inc. 

Pipe Cutters: 

James B. Clow & Sons 

Ellis & Ford Mfg. Co. 

Pilot Mfg. Co. 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 

E. H. Wachs Co. 

Pipe Jointing Materials; see 
Jointing Materials 

Pipe Locators; see Locators, 
Pipe 

Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 

Potassium Permanganate: 

Carus Chemical Co. 

Pressure Regulators: 

Allis-Chalmers Mfg. Co. 

Foster Eng. Co. 

ae Anderson Valve Specialty Co. 

Mueller Co. 

Ross Valve Mfg. Co. 

Pumps, Boiler Feed: 

DeLaval Steam Turbine Co. 

Pumps, Centrifugal: 

Allis-Chalmers Mfg. Co 

American Well Works 

DeLaval Steam Turbine Co. 

Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 

Pumps, Chemical Feed: 

B-I-F Industries, Inc.—Proportion- 


eers 
Precision Chemical Pump Corp. 
Wallace & Tiernan Inc. 
Pumps, Deep Well: 
American Weil Works 

Layne & Bowler, Inc. 

Peerless Pump 

Pumps, Diaphragm: 
Dorr-Oliver Inc. 

W. S. Rockwell Co. 

Wallace & Tiernan Inc. 


Jos. G. Pollard Co., Inc. 
Pumps, Hydraulic Booster: 
Peerless Div. 

Ross Valve Mfg 
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Allis Chalmers Mig. Co. 
DeLaval Steam Turbine Co. 
Peerless Pump Div. 
C. H, Wheeler Mfg. Co. 
Pumps, Sump: 
DeLaval Steam Turbine Co. 
Peerless Pump Div. 
C. H. Wheeler Mfg. Co. 
Pumps, Turbine: 
DeLaval Steam Turbine Co. 
Fiese & Firstenberger 
Layne & Bowler, Inc. 
Peerless Pump Div. 
Recorders, Gas Density, CO,;, 
ete.: 
Permutit Co. 
Wallace & Tiernan Inc. 
Recording Instruments: 
B-I-F Industries, Inc.—Builders 
Simplex Valve & Meter Co. 
Sparling Meter Co. 
Wallace & Tiernan Inc. 
Reservoirs, Steel: 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Sand Expansion Gages; see 
Gages 
Sleeves: see Clamps 
Sleeves and Valves, Tapping: 
[ames B. Clow 
udlow Valve M 
M & H Valve & ittings Co. 
Mueller Co. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
Sludge Blanket Equipment: 
Cochrane Corp. 
General Filter Co. 
Graver Water Conditioning Co. 
Infilco Inc. 
Permutit Co. 
Sodium Aluminate: 
National Aluminate Corp. 
Sodium Chloride: 
International Salt Co., Inc. 
Sodium Fluoride: 
American Agricultural Chemical Co. 
Sodium H 8 
Calgon Co. 
Sodium Hypochlorite: 
Jones Chemicals, 
Wallace & Tiernan Inc. 
Sodium Silicate: 
Philadelphia Quartz Co. 
Sodium Silicofiuoride: 
American Agricultural Chemical Co. 
Tennessee Corp. 
Softeners: 
Cochrane Corp. 
Dorr-Oliver Inc. 
General Filter Co. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Permutit Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 
Softening Chemicals and Com- 
»ounds: 
Calgon Co, 
General Filter Co. 
International Salt Co., Inc. 
National Aluminate Corp. 
Permutit Co. 
Tennessee Corp. 
Standpipes, Steel: 
Bethlehem Steel Co 
Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
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Installed in 1909 
Springfield’s steel main is still on the job 


Things have changed in the waterworks 
field since ‘09. But, as the photo shows, 
even then they were using large-diameter 
steel pipe in Springfield, Massachusetts. 

This 42-in. lockbar steel main carries 
water some 22,000 ft from Provin Mountain 
Reservoir in West Springfield across the 
Connecticut River and into the City. Now 
in its fiftieth year, it is expected to give many 
more years of service. And in a half-century 
it has required very little maintenance. 

Another major line, of 54-in. and 48-in. 
welded steel, with riveted joints, was laid 
in 1928-1929. It’s described as “in excellent 
shape’ today. 

The most recent tests indicated the H & 
W flow coefficients to be 111 for the 1909 
line, 140 for the 1928-1929 line, and 143 for 
another steel line laid in 1949. According to 


the Municipal Water Works: ‘‘These tests 
showed that steel lines with proper coatings 
will give very long life as far as carrying 
capacity is concerned.” 

Scores of old steel mains are still in serv- 
ice throughout the nation. By present-day 
standards they were crudely constructed and 
inadequately protected. If they could give 
fifty or more years of reliable service, think 
what today’s steel pipe can do—lined and 
coated with modern coal-tar enamel. 

Make your next main a stee/ main. The 
Bethlehem sales office nearest you will 
gladly give you full details on the many 
advantages of steel pipe. 


BETHLEHEM STEEL COMPANY, 
BETHLEHEM, PA. 
Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Steel Plate Construction: 
Bethlehem Stee! Co. 
Chicago Bridge & Iron Co. 
Graver Tank & Mig. Co. 
Hammond Iron Works 
Morgan Steel Products, Inc. 
Pittsburgh-Des Moines Steel Co. 
Stops, Curb and Corporation: 
Ford Meter Box Co. 
Hays Mfg. Co. 
Mueller 
Storage Tanks: see Tanks 
Strainers, Suction: 
ames B. Clow & Sons 
D. Wood Co. 
Surface Wash Equipment: 
alve Specialty 
0. 


Permutit Co. 

Swimming Pool Sterilization: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.-Omega 

B-I-F Industries, Inc.—Proportion- 
eers 

Wallace & Tiernan Inc. 

Tank Painting and Repair: 

Koppers Co., Inc. 

National Tank Maintenance Corp. 

Taylor Iron Werks 

Wilbur & Williams Co., Inc. 

Tanks, Prestressed Concrete: 

Preload Co., Inc. 

Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co 

Hammond Iron Works 

Morgan Steel Products, Inc. 

Pittsburgh-Des Moines Steel Co. 

Taylor Iron Works 

Machines: 

Hays \ 

Mueller y 

A. P. Smith Mfg. Co. 

Tapping Machines, Corp.: 

Hays Mfg. Co. 

Mueller Eo. 

Taste and Odor Removal: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.—Proportion- 
eers 

General Filter Co. 

Graver Water Conditioning Co. 

Industrial Chemical Sales Div. 

Permutit Co. 

Wallace & Tiernan Inc. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) ; 

Wallace & Tiernan Inc. 

Turbines, Steam: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Turbines, Water 

DeLaval Steam Turbine Co. 

Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

A. P. Smith Mfg. 

Trinity Valley Steel Co. 

R. D. Wood Co. 


Valve-Inserting Machines: 
Mueller Co. 
A. P. Smith Mfg. Co. 


ADVERTISERS’ PRODUCTS 


Valves, Altitu: 

=. -Chalmers Mie Co., Hydraulic 

Golden-Anderson Valve Specialty Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc. 

Butterfly, Check, Flap, 

oot, Hose, Mud and Plug: 

alice -Chalmers Mig. Co., Hydraulic 
div 

B-I-F Industries, Inc.— Builders 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

DeZurik Cor, 

Kennedy V » of Mig. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., Baldwin-Lima-Hamil- 
ton 

Henry Pratt Co. 

W. S. Co. 

R. D. Wood C 

Valves, Detector Check: 

Hersey Mfg. C 

Valves, Shectrteatt Operated: 

Mig. Co., Hydraulic 
div. 

B-I-F Industries, Inc.—Builders 

Chapman Valve Mig. Co. 


| James B. Clow & Sons 


Darling Valve" & Mfg. Co. 
Golden-Anderson Valve Specialty Co. 
Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & ittings Co. 
Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

Valves, Float: 

James B. Clow & Sons 
Golden-Anderson Valve Specialty Co. 
Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc. 
Valves, Gate: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co 
Mueller Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co 

R. D. Wood Co. 

Hydraulically Oper- 


Allis-Chalmers Mfg. Co., Hydraulic 
div 


Industries, Inc.—Builders 
Chapman Valve Mfg. Co. 
James i. Clow & Sons 
Darling Valve & Mfg. Co. 
DeZurik Corp 
Golden- Valve Co. 
Kennedy Valve Mfg. Co. 
F. B. Leopold Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 
Pelton Div., Baldwin-Lima-Hamil- 
ton 
7 Pratt Co. 
Ww. Rockwell Co. 
A. Smith Mfg. Co. 
R. D. Wood Co. 
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Valves, Large Diameter: 

AllisChalmers Mig. Co., Hydraulic 
iv 

Chapman Valve Mfg. Co. 

James B. Clow & a 

Darling Valve & Mfg. 

Golden-Anderson Valve Co 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., Baldwin-Lima-Hamil- 
ton 

Henry Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, 

canes Mfg. Co., Hydraulic 
div. 

DeZurik Corp. 

Foster Eng. Co. 

Golden- Aatoen Valve Specialty Co. 

Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co. 

Valves, Swing Check: 

Chapman Valve Mfg. Co. 

James B. Clow & _., 

Darling Valve & Mfg. 

Golden-Anderson V Soectalty Co 

Ludlow Valve ~~ Co., Inc. 

M & H Valve & ittings Co. 

Mueller Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co 

R. D. Wood Co. 

Venturi Tubes: 

B-I-F Industries, Inc.—Builders 

Simplex Valve & Meter Co. 

Waterproofing: 

Inertol Co., Inc. 

Koppers Co., 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 

Wilbur & Williams Co., Inc. 

Water Softening Plants; see 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

LaMotte Chem. Products Co. 

Wallace & Tiernan Inc. 

Water Treatment Plants: 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Hammond Iron Works 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Well Reconditioning and 
Formation Testing: 

Halliburton Oil Well Cementing Co. 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite: see lon Exchange 
Materials 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1959 AWWA Directory. 
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1ON EXCHANGE RESINS pave the way for perfect TV pictures 


FLOW DIAGRAM OF WATER TREATING SYSTEM AT LANSDALE TUBE COMPANY 


smott-pore cation exchanger 
AMBERLITE 1R-120 


DEAERATION 
removes CO- 


amon exchanger 
AMBER ITE IRA-410 
Starniess steel hiter 


Water used in plating TV screens must be free of ions in solution and carbon dioxide 
to prevent unwanted reactions and insure a smooth, biemish-free screen. 


TV needs 100,000 gallons of AMBERLITE-treated water 
every day, at Philco’s Lansdale Tube Co. Division 


Plating the inside of picture tubes calls 
for water completely free of metallic 
impurities and carbon dioxide—for 
washing tubes and preparing phosphor 
solutions. At Philco’s Lansdale Tube Co. 
Division, the water treating system 
teams AMBERLITE IR-120 cation 
exchange resin and AMBERLITE IRA-410 
anion exchange resin to rid water of 
troublesome ions. 


Water from the company’s well contains 
180 ppm hardness, 240 ppm dissolved 
solids, 150 ppm alkalinity. Deionized 
and filtered water shows over 600,000 
ohm electrical resistance at 18°C. 
Further deionized water of 20,000,000 
ohm resistivity at 18°C. for the manu- 
facture of electronic components is 


obtained with small MonoBeEp units con- 
taining a mixture of AMBERLITE IR-120 
and AMBERLITE IRA-400. 


Your engineering company, qualified by 
experience in water conditioning, can 
tell you how AMBERLITE ion exchange 
resins can help you, or—write today for 
a copy of “If You Use Water”. 


AMBERLITE and MONOBED are trademarks, 
Reg. U.S. Pat. Off. and in principal foreign 


countries. 
Chemicals for Industry 
ROHM HAAS 
COMPANY 
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THE RESINOUS PRODUCTS DIVISION 
Washington Squore, Philadelphia 5, Pa. 


First Pinion of 
Gear Reduction 


Crank Shaft 


Driver Magnet Follower Magnet 


THE POWERFUL PULL OF A 
PERMANENT MAGNETIC DRIVE 


In the Rockwell Sealed Register meter the register is 
driven by a powerful magnetic coupling of Alnico alloy. 
This construction eliminates the need for a stuffing box. 
It permits the register and all reduction gearing to 
operate in a hermetically sealed chamber high and dry 
above the flowing stream. With a sealed barrier against 
dirt and corrosion, lighter instrument type gears and 
pinions can be employed which reduce the drag on the 
measuring chamber and thereby improve meter accu- 
racy and response. 

The magnetic drive itself is fully shielded to prevent 
“‘cheating.”’ And its powerful magnetic force is good 
for a lifetime of operation. For descriptive bulletin 
write Rockwell Manufacturing Co., Pittsburgh 8, Pa. 


Now available 
in both 54” 
and full 34," sizes 


ROCKWELL” 
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La Mariposa Water Treatment Plant: Dorrco Monorakes in rear basins; Flocculators in foreground. 


CARACAS, VENEZUELA 


Dorr Monorakes, Flocculators Boost Capacity 


Caracas, with a population over one million and rated one of the 
world’s fastest growing cities, recently completed a second addition 
to its La Mariposa Water Treatment Plant to increase capacity from 
16 to 80 MGD. 

The original plant was equipped with two Dorrco Squarex Clari- 
fiers, 115’ square by 14’ s.w.d., and two Type “T” Flocculator units 
for basins 115’ long by 40’ wide by 11’ s.w.d. 

To achieve the five-fold boost in capacity, Dorr-Oliver equipment 
was again chosen. The recent additions comprise three Type “A” 
Dorrco Monorakes for basins 202’ long by 65’ wide by 14’ deep, three 
Type “T” Dorrco Flocculators 50’ long by 65’ wide by 11’ deep, and 
twelve new Filters. 

DESIGN ENGINEERS: Instituto Nacional de Obras Sanitarias. 
Every day over 8 billion gallons of water are treated by Dorr-Oliver equipment. 


yuarex, [ M. Reg. U t. OF 


DORR-OLIVER 


WORLD-WIDE RESEARCH ¢ ENGINEERING * EQUIPMENT 
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Jointed for .. . 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 
The pi self. lhing material for c. i. pipe. 


Tested and used for over 40 years. 
Saves at least 75, 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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